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Making The Leading Edge 
Work For You. 

This handbook is designed for you, the design engineer. It's in- 
tended to be a useful tool, to enable you to make a preliminary 
evaluation of our products and, later, with samples in hand, to 
design our products into your own systems. 

The data in these pages have been reviewed by our Marketing, 
Engineering, Manufacturing and Quality groups. Now we would like 
you to review the information we've provided and tell us how we 
can improve it. Please feel free to suggest any changes, additions, 
or clarifications that occur to you. And don't hesitate to call to our 
attention any sins of omission or commission we may have made. 

We're eager to help upgrade the quality of information our industry 
provides to its customers. So, please, help us. Direct your com- 
ments to: 

Director of Corporation Communications 
WESTERN DIGITAL CORPORATION 
2445 McCabe Way 
Irvine, CA 92714 
(714) 557-3550 
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Western Digital: Update '83 

Western Digital is on tfie move, growing and expanding to meet 
your needs. This year's Components Handbool< includes a number 
of significant new products. Our leadership in file management is 
reinforced by the many innovations this year in both floppy disl< 
and Winchester disl< controllers, and the introduction of the first 
LSI controller for SMD drives. We've expanded our large data 
communications product line with the addition of a new, ultra fast 
SDLC controller And, there are a number of important intro- 
ductions in our Network, Security and Special Products categories. 

That's just half the story, though. This handbook is for our compo- 
nent products only (including board-level solutions based on our 
LSI disk controllers). Separate handbooks and literature are avail- 
able for our systems products. We urge you to use order forms at 
the front of this book to order your copies of the following: 

Industrial Automation Handbook: Introduces The WEDGE™, our 
new 100 module family of Eurocord microcomputer systems based 
on 8085A/8088/8086 processors and designed for command and 

control applications in an automated factory environment. 

SuperMicro1600 Systems Brochure: Our 16-bit desktop computers, 
designed to improve programmer efficiency by functioning as low 
cost, high performance Pascal and Ada development systems, are 
explained in detail. 
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WESTERN DIGITAL 

CORPORAT/ON 

Quality/Reliability To Leading Edge Technology 



QUALITY PROGRAM DESCRIPTION 

The Quality Organization sliown in Figure 2 assures 
compiiance to design controi, quality and reliability 
specifications, pursuant to corporate policy. 



CORPORATE QUALITY POLICY 

It is the policy of Western Digital Corporation that 
every ennployee be committed to quality excellence 
in producing products/processes which conform to 
acceptable requirements. The total quality program is 
managed and monitored by the quality assurance 
organization. Quality assurance Is chartered to 
review marketing product requirements, qualify 
hardware and software designs, certify manufac- 
turing operations and monitor performance/control 
conformance to product specifications. 

Primary responsibility for execution for the quality 
program rests with functional organizations to 
design, produce and market high quality and high 
reliability products specified to our customers. 



LSI QUALITY ASSURANCE PROGRAM 
HIGHLIGHTS 

• LSI manufacturing assurance provisions are 
derived in part from MIL-M-38510 and MIL-STD- 
883B as applied to high grade commercial com- 
ponents. 

• All process raw materials used in the Mask/Wafer 
fabrication and assembly operations are 
monitored by Material Assurance. 

• Material Assurance maintains a thorough control 
of incoming material and has developed unique 
"use/stress tests" (look ahead sample build ac- 
ceptance) which critical material must pass before 
acceptance. 

• The Product Assurance Department continuously 
monitors the internal and external manufacturing 
flow (shown in Figure 1) and issues process 
control reports displaying detailed data and trends 
for the associated areas. 

— Document control is an integral part of Product 
Assurance. All specifications are issued and 
controlled by this activity. 

— The Western Digital Malaysian assembly 
operation uses specifications and quality 
control provisions controlled by Document 
Control. Indicators of Malaysia quality are 
reviewed weekly. 



— Purchased FAB and assembly operations are 
individually qualified and are certified against 
standard specifications during vendor qualifi- 
cation and monitored against reliability 
criteria 

— Defect control within the process assures the 
highest levels of built-in reliability. 

• Quality audits and gates are located throughout 
the manufacturing process In order to assure a 
stable process and thus, a quality product to our 
customers. Figure 1 Illustrates the manufacturing/ 
screening/inspection flow diagram and identifies 
the steps as they relate to the production of LSI 
devices. 

• Testing assures quality margins through 100% 
testing by manufacturing and, in addition, all 
products must pass a specified AQL sample test 
performed by QA at maximum operating tem- 
perature as follows: 

Outgoing Quality Levels 

SUBGROUPS INSPECTION LEVEL 

Subgroup 1 — Final 100% Electrical 

Audit @ Max 'C 0.5 AQL* 

Subgroup 2 — Visual (Marking, Lead 

Integrity, Package, Verify customer 

shipper) 1.0 AQL 

Subgroup 3 — Shipping Visual Audit 1.0 AQL 

'The double sampling techniques used allow considerably 
better AQL's In most all cases. 

• LSI devices are 100% tested on industry standard 
test systems like that shown below. Quality 
outgoing testing (auditing) Is done on the Fairchild 
Sentry Series 20 where possible to allow better 
correlation with customers. 
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Starting Material 
Receiving Inspection 

Design and Mask 
Fabrication 

Mask Inspection 
Wafer Fabrication 



Wafer In-Process Audits/ 
Defects Control 



Diagnostics 
Wafer Probe 



(See Table 1) 



Wafer Scribe/Saw and 
Break 

inspection 

Chip Bond 

Die Shear Inspection 
Ceramic! Relpak 



Base Seal 

Base Seal Inspection 



Wire Bond 

Wire Bond Inspection 
Precap Inspection 



Lid Seal 

Final Assembly 
Inspection 

100% Stabilization Bake 
Plastic 125'C, 24 hrs. 
Ceramic ISCC, 24 hrs. 

100% Temperature Cycle 
Plastic -55°Cto + 125°C 

10 cycles 
Ceramic -65°Cto +150°C 
10 cycles 

S Gross Leak (.65 AQL) 
Ceramic 



Fine Leak Test 
(.65% AQL) 




Ceramic | Relpak 



Solder Dip Leads 
Lead Inspection 



Cut and Form 

Cut and Form Inspection 



100% Electrical Test 
Brand 

Final Test Audit — 0.5 AQL 

Final Visual Inspection 
(Rel samples pulled) 



Optional 

Static/Dynamic 

Burn-In 

100% Electrical 
Test 

Burn-In Brand 



■^3 Reliability Monitors 
(Table 3 & 4) 



Pack 



Shipping Audit 



Ship By Customer 
Specified Carrier 



Optional 
Offshore 
Assembly 

Outgoing 
Inspection 



y Assembly 
Incoming 
Inspection 



LEGEND 

O Manufacturing operation 
n Manufacturing Inspection Gate 
O Quality Assurance Audit 
57 Quality Assurance Gate 



Figure 1 LSI PRODUCTION FLOW 
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Reliability Means Lasting Value 

• DESIGNING FOR RELIABILITY 

The production release procedure for an LSI device is 
designed to assure maximum reliability witli a 
Quality checklist for: 

Test program qualifications 

\Ef Characterization report 

\Ef Field test (Beta Test) report 

^PC Reliability Lifetest Qualifications 

IF* Infrared Thermal Analysis 

IF" Static Protection 

All new devices and major process changes must 
pass reliability qualification before incorporation into 
production using the criteria defined in Tables 2-4. 
The infrared microscope shown on the right assures 
optimum burn-in temperatures and margins of safety. 
The dynamic burn-in system shown on the right is 
one of two custom designed systems which assure 
protective device isolation during burn-in. 

• MAINTAINING RELIABILITY IN PRODUCTION 

Process defects control are defined to continually 
measure built-in reliability, as measured by the 
following criteria: 
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TABLE 1 



PROCESS RELIABILITY CONTROL 


METHOD 


CONDITION 


SAMPLE* 


Subgroup 1 — Defects Control 








a. Oxide Integrity 


Non-destructive 


Pinhole defect density 


5 wafers 




bubble test 




b, Polyslllcon Integrity 


SEM Analysis 


Visual 


5 wafers 


Subgroup 2 — Electro-Migration Control 








Metal Step Coverage 


MIL-STD-883 
Method 2018 


SEM Analysis 


5 wafers 


Subgroup 3 — Defect Density 


Critical layers 


Visual of Photo defects 


8 wafers 




Field 


(Defects/in2) 


each layer 




Gate 








Contact 








Metal 






Subgroup 4 — Passivation/Insulation 








Integrity 


MIL-STD-883 Method 


Visual of Pinhole 


Final Silox 


2021 


defect density 


5 wafers 
Intermediate 
5 wafers 



'Inspection intervals are defined by the in-line process control data reviewed on a lot-by-lot basis. 
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• PROGRAMS TO ASSURE OPTIMUM RELIABILITY 



Q Improved levels of reliability are available under custom reliability programs using static and dynamic burn-in to 
C further improve reliability. These programs focus on MOS failure mechanisms as follows: 

55 FAILURE MECHANISMS IN MOS 



CA li 1 IDC 

rAlLURc 


brrcCT ON 


cSTIMATcO 


SCREENING 




UtVIOt 


AV« 1 IVAI lUlM CiMcnuiY 


MCI nuu 


Slow Trapping 


Wearout 


1.0 eV 


Static Burn-In 


Contamination 


Wearout/ 


1.4 eV 


Static Burn-In 




Infant 






Surface Charge 


Wearout 


0.5-1 .OeV 


Static Burn-In 


Polarization 


Wearout 


1.0 eV 


Static Burn-In 


Electromigration 


Wearout 


1.0 eV 


Dynamic Burn-In 


Microcracks 


Random 




100% Temp. Cycling 


Contacts 


Wearout/ 




Dynamic Burn-In 




Infant 




Oxide Defects 


Infant/ 


0.3 eV 


Dynamic Burn-In 




Random 




at max. voltage 


Electron Injection 


Wearout 




Low Temp. Voltage 








Operating Life 



Temperature Acceleration of Failure 

The Arrhenius Plot defines a failure rate propor- 
tional to exp( - Ea/kt) where Ea is the activation 
energy for the failure mechanism. The figure on 
the right indicates that lower activation energy 
failures are not effectively accelerated by tem- 
perature alone; hense, maximum voltage operation 
is selectively applied to optimize the burn-in 
process. 

Static Bum-In (125**C — 48 hours or 160 hours) 

Provided on a sample basis for process 
monitor/control of 0.5 eV — 1.0 eV failure 
mechanisms. 100% static burn-in may be 
specified at an additional cost. However, static 
burn-in is considered only partially effective for 
internal LSI gates at logic "O" levels. 

Dynamic Burn-In (Pattern test/1 25*>C — 8 hours to 
160 hours) 

Accelerated functional dynamic operating life 
effectively controls internal MOS gate defects 
buried from external pin access. The input pattern 
is optionally pseudo-random or fixed pattern 
programmable to simulate 1000-3000 hours of field 
operation at maximum operating voltage(s). 

High-Rel "K" Testing Program 

General conformance to MIL-STD-883B method 
5004.4, Class B with static Burn-In (Dynamic Burn- 
In may be specified as an option). 




TEMPERATURE ("C) 
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LSI RELIABILITY STANDARDS 

TABLE 2 STANDARD RELIABILITY LEVELS 



TEST 


METHOD 


CONDITION 


FAILURE 


Infant 
Mortality 
(see note) 

Long Term 
Failure Rate 


Static 
Burn-In 

Dynamic 
Life Test 


125°C— 160hrs. 
125°C — lOOOhrs. 


<0.5% 

<.05%/1000hrs. 
@ 55 •'C 

60% Confidence 



*NOTE: Devices failing the infant mortality target remain on burn-in until acceptable failure rates are obtained. 

TABLE 3 GROUP A DEVICE RELIABILITY MONITORS 



TCCT 

1 col 


ivic 1 n\ju 




1 Ton 
L 1 rU 


Subgroup 1 








a. Internal Visual 






15 


b. Thermal Shock 


1011 


Test Failure Used (cond. B orC) 




c. Bond Strength 


2011 


Test Failures (cond. B) 




d. Die Shear Strength 


2019 


Test Failures 




Subgroup 2 








a. Seal — Gross Leak 




Fluorocarbon detection 10-3 


15 






atm/cc/sec 




b. Seal — Fine Leak 


1014 


Test Condition A 




Subgroup 3 








a. Rotating Steady State Life Test 


1005 


Static 160 hr. Burn-In 125X 
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plus 125<'C LIfetest — 1000 hrs. 




b. Electrical Parameters 




Final electrical @ 25°C (with data @ 








70° C) 




TABLE 4 GROUP B PACKAGE RELIABILITY MONITORS 


TEST 


METHOD 


CONDITIONS 


LTPD 


Subgroup 1 








a. Thermal Shock 


1011 


Test Condition B or C 


15 


b. Temperature Cycling 


1010 


Test Condition B or C 




c. Seal — Gross Leak 




Fluorocarbon detection 10-3 








atm/cc/sec 




d. Seal — Fine Leak (ceramic) 


1014 


Test Condition A 




e. Electrical Parameters 




Electrical at max -C 




f. 85/85 Moisture Resistance 




85% RH/85°C for 1000 hours 




(plastic only) 




PDA = 10% 




g. Electrical Parameters 




Final electrical @ 25°C 




Subgroup 2 








a. High Temp. Storage 


1008 


Test Condition B or C 




b. Mechanical Shock 


2002 


Test Condition B 


15 


c. Seal — Gross Leak 




Fluorocarbon detection 10-3 








atm/cc/sec 




d. Seal — Fine Leak 


1014 


Test Condition A 




(ceramic) 








e. Electrical Parameters 




Final electrical @ 25''C/max. C 




Subgroup 3 








a. Lead Integrity 


2004 


Test Condition 82 


15' 




(Lead Fatigue) 




b. Seal — Gross Leak 




Fluorocarbon detection 10-3 








atm/cc/sec 




c. Seal — Fine Leak 


1014 


Test Condition A 




(ceramic) 
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WESTERN DIGITAL CORPORATION 
CHIEF EXECUTIVE 



CORPORATE 
QUALITY ASSURANCE 



SYSTEMS QUALITY 



PRODUCT RELIABILITY 



LSI PRODUCT ASSURANCE 



Systems Quality 

New Product 

Qualification 

System Test 

Qualification 

Software 

Qualification 



LSI Qualification 
Burn-In/Stress 
Requirements 
Reliability IVIonitor 
Data 

Reliability Testing 



Document Control 
Wafer Defects Control 
Subsidiary/Offshore QC 
Process Qualification 



LSI MATERIAL ASSURANCE 



Incoming QC 

Vendor Quality 

LSI Burn-In 

LSI Package Monitors 

Precap Visuals (883 optional) 

100% Test Audit 

Failure Analysis 

Package Qualification 

Calibration Control 



"Systems Design 
Control" 



"LSI Design Control" "Manufacturing Assurance" 

Figure 2 QUALITY ORGANIZATION 



Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility Is assumed by Western Digital 
Corporation for its use; nor for any Infringements of patents or other rights of third parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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WESTERN DIGITAL 

CORPORAriON 

Announcing Burn-In Program Availability/Warranties 



Western Digital now supports customer burn-in 
requirements for both static and dynamic burn-in 
under the strict control of the QA-Reliabiiity 

organization. 

This burn-in provides high performance 125°C static 
and dynamic burn-in for 8-160 hours to eliminate 
infant mortality and improve reliability This process 
is executed using custom modified 32Bit AEHR test 
commercial burn-in equipment which provide moni- 
tored fixed pattern or pseudorandom burn-in with 
power supply and resistor device pin isolation. 

LSI dynamic burn-in is verified in all cases by the 
design engineer for proper functioning. LSI Chip sets 
are also individually burned-in with dynamic equiva- 
lency to assure high performance bundled reliability 

The warranty on the program will optionally provide 
certificate of compliance to standard or custom de- 
signed burn-in programs and guarantee <.05%/Khrs 
failure rate. 

CAUTION 

Using outside burn-in methods not certified as ac- 
ceptable by Western Digital may result in voided war- 
ranty, due to mishandling, junction temperature 
stress, or electrical damage. Further, since most 
burn-in houses do not support testing, catastrophic 
system condition can result in substantial damage 
before a problem is identified. 

One consistent problem experienced with outside 
LSI burn-in houses can cause reliability problems; 
namely, parallelling totem pole MOS outputs, where 
the output states are not predictable, can cause a 
single (or a few) device(s) to sink all the current from 
the other devices on the burn-in tray — electromigra- 
tion or current zaps are both possible. 

Western Digital burn-in diagrams, dated after 1/1/82, 
must be used exactly as shown and will be provided 
upon request. 

SEE YOUR LOCAL REPRESENTATIVE FOR COSTS 
AND ORDERING INFORMATION ON THIS NEW 
PROGRAM. 
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Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for its use: nor for any infringements of patents or ottier rigtits of tfiird parties wtiicti may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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WESTERN DIGITAL 

CORPORAT/ON 

Hi-Rel "K" Testing Program 
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FEATURES 

GENERAL CONFORMANCE TO MIL-STD-883B, 
METHOD 5004.4, CLASS B (SEE COMPARISON ON 
FOLLOWING PAGES) 

• INCLUDES: 

PRECAP VISUALS 
SEAL INTEGRITY 
POWER CONDITIONING 
ENHANCEMENT OPTIONS 



GENERAL DESCRIPTION 

Western Digital's Hi-Rel "K" program is designed to 
provide high reliability devices for extended tiempera- 
ture environments. Individual enhancements may be 
specified to meet a customer's requirements. 



H 

m 



INITIATE 
LOT 

PACKAGE PROBED WAFERS TRAVELER 



RECEIVING J 

INSPECTION 

CLEAN ^QcS AUDIT 



BACKSIDE ID 



QC> AUDIT 



LID 



SCRI BE/SAW 

BREAK/SORT 

INSPECT 

CHIPBOND 

INSPECT 

WIRE BOND 

INSPECT 

CLEAN/BAKE/SEAL 

TEMP CYCLE 
10 CYCLES 

-es-'z + iscc 

STABAKE 
24HRS150"'C 



QC> AUDIT 
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FINE LEAK 



GROSS LEAK 



CUT/ FORM LEADS 



PRE BURN-IN 
ELECTRICALS 



BURN-IN 

160 HRS® 125°C 



CERTIFICATE 
OF 

CONFORMANCE 




HI-REL "K" PROGRAM FLOW DIAGRAM 
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COMPARISON OF MIL-STD-883 
AND HI REL "K" TEST PROGRAM 



MIL-STD-883B, METHOD 5004.4, CLASS B 


Hi-REL"K"TEST 


3.1.1 Internal Visual 




Method 2010.3 


Aii Hi-Rel "K" devices receive 100% inspections 


Test condition B 


prior to lid seal. These inspections together com- 




prise criteria comparable to Mil-Std-883, method 




Pfim tp<it ronriition R 


3.1.2 Stabilization Bake 




MetnoQ luuo.i 


Same 






24 hours at I'lOTJ 




3.1 .3 Temperature Cycling 




Method 1010.2 Test condition C 


Same 


— 65°C to 150°C for 10 cycles, with 10 minutes 




dwell and 5 minutes maximum transfer time 




3.1 .4 Constant Acceleration 




Method 2001.2, Test condition E. 30,000 G stress 




level 


Not Done Unless Specified 


3.1.5 Visual Inspection 




Visual inspection for catastrophic failures after 




screens 


Same 


3.1.6Seal Method 1014.2 




(a) Helium fine leak — Test condition Ai. Bomb 


Same 


wLfi luiiiuti ^ iiuuiodi uu poiy. nojcul iii i iii u a i v 




torr 




(b) Flourocarbon gross leak — Test condition C 


Same 


3.1.9 Interim (pre-burn-in) Electrlcals 




Per applicable device specification 


Preburn-in test at 25''C. Must meet requirements of 




device data sheets. 


3110 Biirn-in Tb<:I 




Method 1015 2 160 hours <S) 125'*C 


Same 


3.1.13 Interim (Post burn-in) electricals 




Per applicable device specification 


Burn-in equipment isolate failures automatically to 




assure no harmful interaction. 


3.1.15 Final Electrical Test 




(a) Static Tests 


Same 


(1) ^tD L> 




\£) mil III! lui 1 1 ai lu ividAiiiiuiii v^pciaiiiiy 




Temperatures 




(b) Dynamic and Switching Tests at 25''G 




(c) Functional Tests at 25°C 




3.1.17 Qualification or Quality Conformance 


Not done unless defined using method 5005 as a 


Inspection and Test Sample Selection 


guide. 


3.1.18 External Visual 




Method 2009.2 


Same 


WESTERN DIGITAL RELIABILITY ENHANCEMENT 
OPTIONS 

100% Temperature Testing 

Level -40° to +85''C 

-55Mo +125"'C 

Thermal, Shock (Liquid to Liquid) 

Level 0" to +100°C, 15 cycles 

-55MO +125°C 

-65MO +150°C 


Extended High Temperature Storage 

+ 150"'G for 24 hours standard, other time/tempera- 
ture storage requirements available as required. 

Dynamic Bum-In 

Per note previously supplied. 
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WESTERIM DIGITAL 

CORPORA T/ ON 

WD1000 Winchester Disk Controller 



o 

o 
o 
o 




FEATURES 

BUILT-IN DATA SEPARATOR 

BUILT-IN WRITE PRECOMPENSATION LOGIC 

DATA RATES UP TO 5 MBITS/SEC 

CONTROL FOR UP TO 4 DRIVES 

CONTROL FOR UP TO 8 R/W HEADS 

1024 CYLINDER ADDRESSING RANGE 

256 SECTOR ADDRESSING RANGE 

CRC GENERATION/VERIFICATION 

AUTOMATIC FORMATTING 

128, 256, OR 512 BYTES PER SECTOR (ROM 

SELECTABLE) 

UNLIMITED SECTOR INTERLEAVE CAPABILITY 
OVERLAP SEEK CAPABILITY 
IMPLIED SEEK ON ALL COMMANDS 
AUTOMATIC RETRIES ON ALL ERRORS 
AUTOMATIC RESTORE AND RE-SEEK ON SEEK 
ERROR 

8-BIT HOST INTERFACE 
0°C to 50° C OPERATION 



GENERAL DESCRIPTION 

The WD 1 000 is a stand-alone, general purpose Winchester 
controller board designed to interface up to four Win- 
chester disk drives to a host processor. The drive signals 
are based upon the floppy look-alike interface available on 
the Shugart Associates' SA 1 000, the Seagate Technology 
ST506, the Quantum 02000, and other compatible drives. 
Ail necessary buffers and receivers/drivers are included on 
the board to allow direct connection to the drive. Either a 34 
pin (5y4" drive) or 50 pin (8" drive) connector is provided, as 
well as four 20 pin data connectors. 

Communications to and from the host computer are made 
via a separate computer access port. This port consists 
mainly of an 8 bit bi-directional bus and appropriate control 
signals. All data to be written to or read from the disk, status 
Information, and macro cammands are transferred via this 8 
bit bus. An on board sector buffer allows data transfers to 
the host computer Independent of the actual data transfer 
rate of the drive. 

The WD 1000 is based upon a proprietary chip set, the 
WD1 100, specifically designed for Winchester Control. 



ORGANIZATION 

The WD1000 has seven on board connectors. These con- 
nectors consist of a power connector, host interface con- 
nector, drive control connector, and four high speed data 
cable connectors. 

The drive control cable Is daisy-chained to each of the four 
drives. Although there Is space for two drive control 
connectors, only one would normally be used for any 
particular configuration. 

The drive data connectors carry differential signals and are 
radially connected. Up to four drives can be accommo- 
dated by the WD1 000. 

The host interface connector provides Interface signals 
that are compatible with most microprocessors and mini- 
computers. 

WD1100 

For those who want to design their own board around the 
WD1100 chip set, Western Digital can provide schematics, 
artwork, and programming information. Western Digital 
also has a complete staff of Applications Engineers to 
provide additional support. For further information please 
contact your local representative, or our main plant listed 
on page 8. 
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WD1000 BLOCK DIAGRAM 



SPECIFICATIONS 

Encoding method: 
Cylinders per Head: 
Sectors per Track: 
IHeads: 
Drive Selects: 
Step rate: 

Data Transfer Rate: 

Write Precomp Time: 
Sectoring: 
Host Interface: 
Drive Capability: 
Drive Cable Length: 
Host Cable Length: 
Power Requirements: 

Ambient Temperature 

Operating: 
Relative Humidity: 
MTBF: 
MTTR: 
Length: 
Width: 
Height: 

Mounting Centers: 



MFM 

Up to 1024 

Up to 256 (512 byte sec) 

8 

4 

lOuSto 7.5 mS 
(0.5 mS increments) 
4.34 Mbits/sec or 
5.000 Mbits/sec 
10 nanoseconds 
Soft 

8 Bit bi-directional bus 
10 "LS" Loads 
10 ft. (3 M) max. 
3 ft. (1 M) max. 

+ 5V ±5%, 3.0A Max. (2.5A 
typ.) -8 to -18V, 50 mA* 

0''Cto50°C(32Fto122F) 

20% to 80% 

10,000 POH 

30 minutes 

9.9 in. (24.9 cm) 

6.8 in. (17.1 cm) 

0.75 in. (1.9 cm) 

6.375 X 9.375 in. (16 x 23.6 cm) 



HOST INTERFACING 

The WD1 000 is designed to easily interface to most micro 
computers and mini-computers. All Interfacing is done 
through the Host Interface Connector (J5). The interface is 
very similar to Western Digital's family of Floppy Disk 
Controllers. The only exception is the inclusion of the WAIT 
line. 

Walts 



The WAIT control line goes true whenever'either of the 
following are true: 

• The WD1000 is accessing data Internally to send to the 
host during a read operation 

• The WD1000 has not accepted the data from the host 

during a write operation. 



The definition of the WAIT line is very simila r to th e WAIT 
signal found on many popular processors. WAIT is also 
similar to the REPLY signal on Western Digital and other 
processors. 



Optional - V Supply Available. 



WAIT will not necessarily make a transition for each access 
to the WD1 000. When the WD1 000 can return the requ ested 
data within 1 00 nS, there will be no transition of the WAIT 
line. This should be interpreted as an instant REPLY on 
Western Digital Processors. 
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If the WD1000 can not re turn the requested dat a with in 100 
nS, it will assert its WAIT line. The period of the WAIT signal 
will vary from 750 nS to 6 uS wi th 1.25 uS being about 
average. The period of the WAIT only approaches 6 uS 
during a read or write which happens immediately after a 
command is written to the command register. This means 
that longer waits may be encountered during the first read 
or write to any WD1000 register if that first read or write 
happens within approximately 6 uS of a command being 
issued. 

During the time that WAIT Is asserted, the host system 
must hold all of Its strobe and address lines stable. On 
write operations, the DAL lines must also be held stable. 



The user can modify the timing of the wait signal by select- 
ing a jumper. The WD1000 is shipped with a jumper (or 
trace)_between E4 and E5. This enables waits as soon as 
the CS signal is asserted. This timing is a requirement for 
some processors a nd com patible with most. If the host 
system requires the WAIT signal to be asserted only when 
RE or WE are asserted in conjunction with CS, the trace at 
E4 and E5 should be cut and a jumper should be installed 
between E4 and E3. 

The Host Interface connector (J5) consists of an eight bit 
bi-directional bus, three bit address bus, and seven control 
lines. All commands, status, and data are transferred over 
this bus. See Table 1: 



HOST INTERFACE CONNECTOR TABLE 1 





wlUI^Mk rlvi 






2 
4 
6 
8 
10 
12 
14 
16 


1 

3 
5 
7 
9 
11 
13 
15 


DALO 
DAL1 
DAL2 
DAL3 
DAL3 
DAL5 
DAL6 
DAL7 


8 bit bi-directional Data Access Lines. These lines 
remain in a high-impedance state whenever the CS line 
is Inactive. 


18 
20 
22 


17 
19 
21 


AO 
A1 
A2 


These three Address Lines are used to select one of 
eight registers in the Tasl< File. They must remain 
stable during all read and write operations. 


24 


23 


CS 


When Card Select is active along with_RE or W^ Data 
is read or written via the DAL bus. CS must make a 
transition for each byte read from or written to the task 
file. 


26 


25 


WE 


When Write Enable is active along with CSi the host 
may write data to a selected register of the WDIOOO. 


28 


27 


RE 


When Read Enable is active along with CSi the host 
may read data from a selected register of the WDIOOO. 


30 


29 


WAIT 


Upon receipt of a CS the WAIT line may go active. It 
returns to the inactive state when the DAL lines are 
valid on a read, or data has been accepted on a write. 


32 


31 


Not Connected 




34 


33 


-V 


Optional -V input from host supplies -8 to -15V to 
the on-board -5 Volt regulaton (VRI). This power input 
is also available on J6, pin 2. -V is not required if 
DC/DC convertor (PSI) Is used. 


36 


35 


INTRQ 


The INTerrupt ReQuest Line is activated whenever a 
command has been completed. It is reset to the 
inactive state when the Status Register is read, or a 
new command is loaded via the DAL lines. 
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HOST INTERFACE CONNECTOR (Continued) 



SIGNAL GROUND 


SIGNAL PIN 


SIGNAL NAME 


DESCRIPTION 


38 


37 


DRQ 


The Data ReQuest line is activated whenever the sector 

DUTier COiUainb Udla lU Ue loaU Uy lllc llvjol, UI lo 

awaiting data to be loaded by the host. This line is 
reset whenever the Data Register is read from or 
written to. The DRQ line will continue to toggle until 
the buffer is exausted or until a write or read is per- 
formed on the Cylinder Low register. 


4U 


Oi7 


Mn 


The Master Reset line initializes all internal logic on the 
logic on the WD1000. Sector Number, Cylinder Number 
and SDH are cleared, stepping rate is set to 7.5 mS, 
Write Precomp is set to cylinder 128 and Sector Count 
is set to 1. The DRQ line is reset and the INTRQ line 
is set. 




41 
42 


Not Connected 
Not Connected 






43-50 




-1-5V 8 power pins for regulated +5 volts. This power 
input is also available on J6, pin 3. 



Note: Grounds Even numbered pins (2-40) are to be used as signal 

grounds. Power ground is available on J6, pini . 



DRIVE CONTROL CONNECTORS 

The drive control connector is a (relatively) low speed bus 
that Is daisy chain connected to each of the drives (up to 
four) in the system. To properly terminate each TTL level 
output signal from the WD1000, the last drive in the daisy 
chain should have a 220/330 ohm line termination resistor 
pacl< installed. All other drives should have no termination. 
See Tables 2 and 3: 



50 PIN DRIVE CONTROL CONNECTOR FOR SA1000 
TYPE INTERFACE TABLE 3 



34 PIN DRIVE CONTROL CONNECTOR 



TABLE 2 



SIGNAL 


SIGNAL 




SIGNAL 


GROUND 


PIN 


I/O 


NAME 


1 


2 


0 


RWC 


3 


4 


0 


Head Select 2 


5 


6 


0 


Write Gate 


7 


8 


1 


Seek Complete 


9 


10 


1 


TROOO 


11 


12 


1 


Write Fault 


13 


14 


0 


Head Select 0 


15 


16 




NC 


17 


18 


o 


Head Select 1 


19 


20 


1 


Index 


21 


22 


1 


Ready 


23 


24 


0 


Step 


25 


26 


0 


Drive Select 1 


27 


28 


0 


Drive Select 2 


29 


30 


0 


Drive Select 3 


31 


32 


o 


Drive Select 4 


33 


34 


0 


Direction In 



SIGNAL 


SIGNAL 




SIGNAL 


GROUND 


PIN 


I/O 


NAME 


1 


2 


0 


RWC 


3 


4 


0 


Head Select 2 


5 


6 




NC 


7 


8 


1 


Seel< Complete 


9 


10 




NC 


11 


12 




NC 


13 


14 


0 


Head Select 0 


15 


16 




NC 


17 


18 


0 


Head Select 1 


19 


20 


1 


Index 


21 


22 


i 


Ready 


23 


24 




NC 


25 


26 


0 


Drive Select 1 


27 


28 


0 


Drive Select 2 


29 


30 


0 


Drive Select 3 


31 


32 


0 


Drive Select 4 


33 


34 


0 


Direction In 


35 


36 


0 


Step 


37 


38 




NC 


39 


40 


0 


Write Gate 


41 


42 


1 


TROOO 


43 


44 


1 


Write Fault 


45 


46 




NC 


47 


48 




NC 


49 


50 




NC 



DRIVE CONTROL SIGNAL DESCRIPTIONS 
RWC 

When the Reduce Write Current line Is activated with write 
gate, a lower write current is used to compensate for great- 
er bit pacl<ing density on the Inner cylinders. The RWC line 
Is activated when the cylinder number is greater than or 
equal to four times the contents of the Write Precomp Reg- 
ister. This output Is valid only during Write and Format 
commands. 



Write Gate 

This output signal allows data to be written on the disk. 



Seek Complete 

Informs the WD1000 that the head of the selected drive has 
reached the desired cylinder and has stabilized. Seek Com- 
plete Is not checked after a SEEK command, thus allowing 
overlapped seeks. 



Track 000 

Indicates that the R/W heads are positioned on the outer- 
most cylinder. This line is sampled immediately before 
each step is Issued. 



Write Fault 

Informs the WD1000 that some fault has occurred on the 
selected drive. The WD100G j/vill not execute commands 
when this signal is true. 

HS6HS2 

IHead Select lines are used by the WD1000 to select a speci- 
fic; RW head on the selected drive. 



Index 



Is used to indicate the index point for synchronization dur- 
ing formatting and as a time out mechanism for retries. 
This signal should pulse once each rotation of the disk. 



Ready 

Informs the WD1000 that the desired drive Is selected and 
that its motor is up to speed. The WD1000 will not execute 
commands unless this line is true. 

Step 

This line is pulsed once for each cylinder to be stepped. 
The direction of the step will be determined by the DIREC- 
TION line. The step pulse period Is determined by the Inter- 
nal stepping rate register during implied seek operations or 
explicitly during Seek and Restore commands. Durin g auto 
restore, the step pulse period is detemnlned by the SEEK 
COMPLETE time from the drive. 



Direction In 

Detemnlnes the direction of motion of the R/W head when 
the step line Is pulsed. A high on this line defines the direc- 
tion as out and a low defines direction as in. 



DS1DS4 

These four Drive Select lines are used to select one of four 
possible drives. 

DRIVE DATA CONNECTOR 

Four data connectors (J1-4) are provided for clock signals 
and data between the WD1000 and each drive. All lines as- 
sociated with the transfer of data between the drive and the 
WD1000 system are differential in nature and may not be 
multiplexed. The data connectors are 20 pin vertical 
headers on tenth-Inch centers that mate with Burndy 
#FRS20BS. The cable used should be flat ribbon cable or 
twisted pair with a length of less than 10 feet. The cable 
pin-outs are per Table 4: 

DATA CONNECTIONS AND DESCRIPTIONS TABLE 4 



SIGNAL 


SIGNAL 




SIGNAL 


GROUND 


PIN 


I/O 


NAME 


2 


1 


1 


- Drive Selected 


4 


3 




NC 


6 


5 




NC 


8 


7 




NC 




9 


0 


+ Timing Clock 




10 


0 


- Timing Clock 


11 






GND 


12 






GND 




13 


0 


+ MFM Write Data 




14 


0 


- MFM Write Data 


15 






GND 


16 






GND 




17 


1 


-1- MFM READ DATA 




18 


1 


-MFM READ DATA 


19 






GND 


20 






GND 



DIFFERENTIAL DATA DRIVER/RECEIVER 




NOTE: ANVRS 421 
DRIVBR/RECEIVERPAIR 
WILL INTERFACE 



FLAT RIBBON OR TWISTED PAIR 
MAX to FT. 



POWER CONNECTOR 

A three pin molex connector (J6) is provided for power in- 
put to the board. The customer supplied mating connector 
housing is Molex 03O9-1032. The pin-outs are as shown In 
Tables: 



TABLES 


PIN 


SIGNAL NAME 


1 


GROUND 




2 


- 8 to - 15 V unregulated 




3 


-f- 5 V regulated 
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COMMANDS 

^ The WD1000 executes five easy to use macro commands. 
^ Most commands feature automatic 'implied' seek, which 
O means the host system need not tell the WD1000 where the 
Q RA/V heads of each drive are or when to move them. The 
O controller automatically performs all needed retries on all 
® errors encountered including data CRC errors. If the FVW 
head mis-positions, the WD1000 will automatically perform 
a restore and a re-seek. If the error is completely unre- 
coverable, the WD1000 will simulate a normal completion 
to simplify the host system's software. 

Commands are executed by loading the command byte 
into the Command Register while the controller is not 
busy. (Controller will not be busy if it has completed the 
previous command.) The iask file must be loaded prior to 
Issuing a command. No command will execute if the Seek 
Complete or Ready lines are false or if the Write Fault line 
is true. Normally It is not necessary to poll these signals 
before issuing a command. If the WD1000 receives a com- 
mand that is not defined In the following table, undefined 
results will occur. 

For ease of discussion, commands are divided into three 
types which are summarized in Table 6: -.p. p - 



TYPE 


COMMAND 


7 


6 


5 


BITS 
4 3 


2 


1 


0 


1 


Restore 


0 


0 


0 


1 




r2 




ro 


1 


Seek 


0 


1 


1 


1 


ra 


r2 


ri 


ro 


II 


Read Sector 


0 


0 


1 


0 


D 


0 


0 


0 


III 


Write Sector 


0 


0 


1 


1 


0 


0 


0 


0 


ill 


Forniat Track 


0 


1 


0 


1 


0 


0 


0 


0 



ra-iO — STEPPING RATE 



0000 = 10uS 


1000 = 4.0mS 


0001 = 0.5mS 


1001 = 4.5mS 


0010 = 1.0mS 


1010 = 5.0mS 


0011 = 1.5mS 


1011 = 5.5mS 


0100 = 2.0mS 


1100 = e.OmS 


0101 = 2.5mS 


1101 = 6.5mS 


0110 = 3.0mS 


1110 = 7.0mS 


0111 = 3.5mS 


1111 = 7.5mS 



D = DMA Read Mode 

0 = Programmed I/O Mode 

1 = DMA Mode 



NOTE: 

The DMA bit is used to position INTRQ in relation to 
DRQs during the read sector command. If the DMA bit 
is reset (D = 0), the interrupt will occur before the first 
DRQ. This allows the programmed I/O host to intervene 
and transfer the data from the sector buffer. If the DMA 
bit is set (D = 1), then the interrupt will occur only after 
the system DMA controller has transferred the entire 
buffer of data. 



TYPE I COMMANDS 

These commands simply position the RA/V heads of the se- 
lected drive. Both commands have explicit stepping rate 
fields. The lower four bits of these commands form the 
stepping rate. 

RESTORE 

The Restore command is used to calibrate the position of 
the RA/V head on each drive by stepping the head outward 
until the TROOO line goes true. Upon receipt of the Restore 
command, the Busy bit in the Status Register is set. Cylin- 
der High and Cylinder Low Registers are cleared. The lower 
four bits of the command byte are stored in the stepping 
rate register fo r subse que nt implied s eeks. The state of 
Seek Complete, Ready and Write Fault are sampled, and if 
an error condition exists, the Aborted command bit in the 
Error Register is set, the En'or bit in the Status Register Is 
set, an interrupt is generated and the Busy bit is reset. 
If no errors are encountered thus far, the internal head posi- 
tion register for the selected drive is cleared. The TROOO 
line is sampled. If TROOO is true, an interrupt is generated 
and the Busy bit is reset. If TROOO is not true, stepping 
pulses at a rate determined by the stepping rate field are 
issued until the TROOO line is activated. When TROOO is acti- 
vated, the Busy bit Is reset and an interrupt is Issued. If the 
TROOO line is not activated within 1023 stepping pulses, the 
TROOO En'or bit in the Error Register and the Error bit in the 
Status Register are set, the Busy bit is reset and an In- 
terrupt is issued. 
SEEK 

The Seek command positions the RA/V head to a certain cyl- 
inder. It is primarily used to start two or more concurrent 
seeks on drives that support buffered stepping. Upon re- 
ceipt of the Seek command, the Busy bit in the Status 
Register is set. The lower four bits of the command byte 
are stored in the stepping r ate register for subseq uent 
implied see ks. The state of Seek Complete, Ready and 
Write Fault are sampled, and if an error condition exists, 
the Aborted command bit in the Error Register is set, the 
Error bit in the Status Register is set, an interrupt is 
generated and the Busy bit is reset. 
If no errors are encountered thus far, the internal head posi- 
tion register for the selected drive is updated, the direction 
line is set to the proper direction and a step pulse is issued 
for each cylinder to be re ad and an interrupt is issued. Note 
that the Seek Complete line is not sampled after the Seek 
command, allowing multiple seek operations to be started 
using drives with buffered seek capability. 

TYPE II COMMANDS 

This type of command is characterized by a transfer of a 
block of data from the WD1000 buffer to the host. This com- 
mand has an Implicit stepping rate as set by the last Re- 
store or Seek command. 

The Read Sector command is used to read a sector of data 
from the disk to the host computer. Upon receipt of the 
Read comma nd, the Busy bit i n the S tatu s register is set. 
The state of Seek Complete, Ready and Write Fault are 
sampled, and if an error condition exists, the Aborted 
Command bit in the Error Register is set, the Error bit in the 
Status Register is set, and a normal completion is 
simulated. 
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If no errors a re encountered s o far, a Seek command i s exe- 
cuted. Th e Seek Complete line is sampled. If the Seek 
Complete line does not go true within 128 Index pulses, the 
Aborted command bit in the Error Register is set, the Error 
bit in the Status Register is set, and a normal completion is 
simulated. 

Once the head has settled over the desired cylinder, the 
WD1000 will attempt to read the sector. The WD1000 per- 
forms all retries necessary to recover the data during the 
read command. The controller attempts to read the desired 
sector up to 16 times. It will attempt a retry if it does not 
find an ID, if the ID of that sector has a bad CRC, if the Data 
Address Mark (DAM) couldn't be found or even if the data 
was actually read from the disk but incurred a data CRC 
error. 

Every time the controller encounters an error, It records the 
occurance of that error in an internal register. If, after 16 
retries, the controller was not able to get a match on the ID 
field. It assumes that the head was possibly mis-posltioned 
and executes an auto-restore. During the auto-restore, the 
stepping rate is implied to be equal to the Seek Complete 
period. After the auto-restore has been successfully com- 
pleted, the controller re-seeks and attempts to read the 
sector once again. An auto-restore will be performed only 
once per read or write sector command. 
If the controller encounters a non-recoverable error, the 
controller examines Its Internal error history register. It then 
sets the bit in the Error Register of the highest severity 
error incurred. If the Data CRC Error bit is set, the data that 
last produced that error will be available in the sector 
buffer. The Error bit in the Status Register is set and a 
normal completion is simulated. 

TYPE III COMMANDS 

This type of command is characterized by a transfer of a 
block of data from the host to the WD1000 buffer. These 
commands have Implicit stepping rates as set by the last 
Restore or Seek command. 

WRITE SECTOR 

The Write Sector command is used to write a sector of data 
from the host computer to the disk. Upon receipt of the 
Write command, the controller generates DRQs for each 
byte to be written to the buffer. (Note: It is recommended 
that programmed I/O transfers should take place as a block 
move without consulting the DRQ bit in the Status 
Register.) 

After all data has been sent to the sector buff er, the Busy 
bit in the Sta tus Register is set. The state of Seek Com- 
plete, Ready and Write Fault are sampled, and if an en-or 
condition exists, the Aborted command bit in the Error 
Register is set, the Error bit In the Status Register is set, an 
Interrupt is generated and the Busy bit is reset. 

If no errors are encountered so far, a Seek command i s exe- 
cuted. Th e Seek Complete line is sampled. If the Seek 
Complete line doesn't go true within 128 Index pulses, then 
the Aborted command bit in the Error Register is set, the 
Error bit in the Status Register is set, an Interrupt is 
generated and the Busy bit is reset. 
Once the head has settled over the desired cylinder, It will 
attempt to read the ID of the sector. The WDKXX) performs 



all retries necessary to recover the ID during the write com- 
mand. The controller attempts to read the ID of the desired 
sector up to 16 times. It will attempt a retry if it doesn't find 
an ID or if the ID of that sector has a bad CRC. 
Every time the controller encounters an error, it records the 
occurrence of that error' in an internal register. If, after 16 
retries, the controller was not able to get a match on the ID 
field, it assumes that the head was possibly mis-positioned 
and executes an auto-restore. During the auto-restore, the 
stepping rate is implied to be equal to the Seek Complete 
period. After the auto-restore has been successfully com- 
pleted, the controller re-seeks and attempts to write the 
sector once again. 

If the controller encounters a non-recoverable error, the 
controller examines its internal error history register. It then 
sets the bit in the Error Register of the highest severity 
error incurred. The Error bit in the Status Register Is set, an 
Interrupt is generated and the Busy bit is reset. 
If the proper sector is located, the sector buffer is written to 
the disk, an interrupt is generated and the Busy bit is reset. 

FORMAT TRACK 

The Format command is used for initializing the ID and 
data fields on a particular disk. Upon receipt of the Format 
command, the controller generates DRQs for each byte of 
the interleave table to be written to the buffer. In all cases, 
the number of bytes transferred to the buffer must cor- 
respond to the current sector size. 

After all data has been sent to the b uffer, the Busy b i t in the 
Stat us Register is set. The state of Seek Complete, Ready 
and Write Fault lines are sampled. If an error condition 
exists, the Aborted command bit in the Error Register is 
set, the Error bit in the Status Register is set, an interrupt is 
generated and the Busy bit is reset. 
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NOTE: 

1) When MSB of head byte = 1, bad block is detected. 

2) Write Gate turn-on is 3 bytes after the ID field's CRC bytes. 

3) Write Gate turn-off Is 3 bytes after the Data Field's CRC 
bytes. 

4) 12 bytes of zeroes are re-wrltten on a Data Field update. 

5) The 2 LSB's of the IDENT byte are used for Cylinder high 
These values are: 

FE = 0 to 255 cylinders 
FF = 256 to 511 cylinders 
FC = 512 to 767 cylinders 
FD = 768 to 1023 cylinders 

6) GAP 4 values are: 



SECTOR LE NGTH GAPS GAP 4 SECTOR COU NT 



15 


356 


54 


15 


352 


32 


30 


800 


17 



If no errors are encountered so far, a Seek command is exe- 
cuted. No verification of track positioning accuracy is per- 
formed because the track may not have any ID fields 
present. After t he Seek operation ha s been performe d, the 
Seek Complete line is sampled. If the Seek Complete line is 
not asserted within 128 Index pulses, the Aborted com- 
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mand bit in the Error Register is set, an Interrupt is 

generated and the Busy bit is reset. 

Q Once the head has settled over the desired cylinder, the 
_jL controller starts writing a pattern of 4E's until the index is 
O encountered. Once the index is found, a number of ID 
Q fields and nulled data fields are written to the disk. The 
number of sectors written is equal to the contents of the 
Sector Count Register. As each sector is written, the Sector 
Count Register is decremented, and consequently, must 
be updated before each format operation. 

After the last sector is written, the controller back-fills the 
track with 4E's. When the next index pulse after the last 
sector is written is encountered, the format operation is ter- 
minated, an Interrupt is generated and the Busy bit is reset. 

SETTING UP TASK FILES 

Before any of the five commands may be executed, a set of 
parameter registers called the Task File must be set up. For 
most commands, this informs the WD1000 of the exact lo- 
cation on the disk that the transfer should take place. For a 
normal read or write sector operation, the Sector Number, 
the Size/Drive/Head, Cylinder Number, and Command 
registers (usually in that order) will be written. 

Note that most of these registers are readable as well as 
writable. These registers normally are not read from, but 
this feature is provided so that error reporting routines can 
determine physically where an error occurred without recal- 
culating the sector, head and cylinder parameters. 

Since the WD1000 can recall all the Task File parameters 
sent to it, it is recommended that Task File parameters be 
stored in the WD1000 as they are calculated. This will save 
the programmer a few instructions by not maintaining two 
copies of the same information. 

Since most hard disk drives contain more than one head 
per positioner, it is more efficient to step the FWM head as- 
semblies of most disk drives by cylinders, not tracks. In 
other words, the disk driver software should be designed to 
read or write all data that is directly accessable by all the 
heads on a positioner before stepping to a new cylinder. 



REGISTER SELECTION ARRAY 



cs 


A2 


A1 


AO 


RE 


WE 


1 


X 


X 


X 


Deselected 


Deselected 


0 


0 


0 


0 


Data Register 


Data Register 


0 


0 


0 


1 


Error Register 


Write Precomp 


0 


0 


1 


0 


Sector Count 


Sector Count 


0 


0 


1 


1 


Sector Number 


Sector Number 


0 


1 


0 


0 


Cylinder Low 


Cylinder Low 


0 


1 


0 


1 


Cylinder High 


Cylinder High 


0 


1 


1 


0 


Size/Drive/Head 


Size/Drive/Head 


0 


1 


1 


1 


Status Register 


Command Register 



See page 725 for ordering information. 



SDH REGISTOR 



BIT 

FUNCTION 


7 


6 5 


4 3 


2 1 0 


0 


Sec 
Size 


Drive 
Select 


Head 
Select 


BIT 6 


BITS 


SECTOR SIZE 


0 
0 
1 


0 
1 
1 


256 Bytes 
512 Bytes 
128 Bytes 


BIT 4 


BIT 3 


DRIVE SELECTED 


0 
0 
1 
1 


0 
1 
0 
1 


Drive Sel 0 
Drive Sel 1 
Drive Sel 2 
Drive Sel 3 



BIT 2 


BIT1 


BITO 


HEAD SELECTED 


0 


0 


0 


HeadO 


0 


0 


1 


Headi 


0 


1 


0 


Head 2 


0 


1 


1 


Heads 


1 


0 


0 


Head 4 


1 


0 


1 


Head 5 


1 


1 


0 


Head 6 


1 


1 


1 


Head 7 



STATUS AND ERROR REGISTER BITS 



BIT 


STATUS REGISTER 


ERROR REGISTER ^ 


7 


Busy 


'1 Bad Block Detect ' 


e 


Ready 


jcRC Error — Data Field 


5 


Write Fault 


: CRC Error— ID Field 


4 


Seek Complete 


ID Not Found 


3 


Data Request ' 




2 




Aborted Command 


1i 




TROOO Error 




Error / 


DAM not found 



PROGRAMMING 



Users familiar with floppy disk systems will find program- 
ming the WD1000 a pleasant surprise. A substantial 
amount of intelligence that was required by the host com- 
puter has been incorporated into the WD1000. The WD1000 
performs all needed retries, even on data CRC and head 
positioning errors. Most commands feature automatic 
'implied' seek which means that seek commands need not 
be issued to perform basic read/write functions. The 
WD1000 keeps track of the position of up to four read/ 
write head assemblies, so the host system does not have 
to maintain track tables. All transfers to and from the disk 
are through an on-board full sector buffer. This means that 
data transfers are fully interruptable and can take place at 
any speed that is convenient to the system designer. In the 
event of an unrecoverable error, the WD1000 simulates a 
normal completion so that special error recovery software 
is not needed. 
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Printed in U S A 



WESTERN DIGITAL 



R 



R 



N 



WD1001 Winchester Disk Controller 




GENERAL DESCRIPTION 

The WD 1001 is a stand-alone, general purpose 
Winchester controller board designed to interface up 
to four Winchester disk drives to a host processor. 
The drive signals are based upon the floppy look- 
alike Interface available on the Shugart Associates' 
SA 1000, the Seagate Technology ST506, the Quan- 
tum Q2000, and other compatible drives. All neces- 
sary buffers and receivers/drivers are included on the 
board to allow direct connection to the drive. Either a 
34 pin (5V4 " drive) or 50 pin (8" drive) connector is pro- 
vided, as well as four 20 pin data connectors. 

Communications to and from the host computer are 
made via a separate computer access port. This port 
consists mainly of an 8 bit bi-directional bus and ap- 
propriate control signals. All data to be written to or 
read from the disk, status information, and macro 
commands are transferred via this 8 bit bus. An on 
board sector buffer allows data transfers to the host 
computer independent of the actual data transfer rate 
of the drive. 

The WD1001 is based upon a proprietary chip series, 
the WD1100, specifically designed for Winchester 
Control. 



FEATURES 

SINGLE -t-5V SUPPLY 
BUILT-IN DATA SEPARATOR 
BUILT-IN WRITE PRECOMPENSATION LOGIC 
DATA RATES UP TO 5 MBITS/SEC 
CONTROL FOR UP TO 4 DRIVES 
CONTROL FOR UP TO 8 R/W HEADS 
1024 CYLINDER ADDRESSING RANGE 
256 SECTOR ADDRESSING RANGE 
32 BIT ECC FOR BURST ERROR CORRECTION 
ERROR CORRECTION ON DATA FIELD 
ERRORS 

DIAGNOSTIC READS AND WRITES FOR 
CHECKING ERROR CORRECTION 
BAD BLOCK MAPPING CAPABILITY 
AUTOMATIC FORMATTING 
128, 256, OR 512 BYTES PER SECTOR 
(SOFTWARE SELECTABLE) 
UNLIMITED SECTOR INTERLEAVE CAPABILITY 
MULTIPLE SECTOR READS AND WRITES 
OVERLAP SEEK CAPABILITY 
IMPLIED SEEK ON ALL COMMANDS 
AUTOMATIC RETRIES ON ALL ERRORS 
AUTOMATIC RESTORE AND RE-SEEK ON 
SEEK ERROR 
8-BIT HOST INTERFACE 
CC TO 50''C OPERATION 

ORGANIZATION 

The WD1001 has seven on-board connectors. These 
connectors consist of a power connector, host in- 
terface connector, drive control connector, and four 
high speed data cable connectors. 

The drive control cable is daisy-chained to each of 
the four drives. Although there is space for two drive 
control connectors, only one would normally be used 
for any particular configuration. 

The drive data connectors carry differential signals 
and are radially connected. Up to four drives can be 
accommodated by the WD1001 . 

The host Interface connector provides interface sig- 
nals that are compatible with most microprocessors 
and mini-computers. 

The WD1001 provides dual burst detection and single 
5-bit burst correction ECC circuitry. The ECC 
polynomial has been computer generated for op- 
timum error correction on Winchester Disks. 



D 

o 
o 
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[Hah] 



SUPPORT SIGNALS 



INTERNAL BUS. 



^ SUPPORT SIGNALS 

CONTROL SIGNALS 
TIMING SIGNALS 



512X8 
SECTOR 
BUFFER. 



MEMORY 
ADDRESS 
REGISTER 



SERIAL 

PARALLEL 

CONV. 



ORO. INTRO, WAIT. 



PARALLEL- 
SERIAL 
CONV. 



SIMPLIFIED SYSTEM BLOCK DIAGRAM — WD1001 



SPECIFICATIONS 




Encoding method: 


MFM 


Cylinders per iHead: 


Up to 1024 


Sectors per Tracl<: 


Up to 256 (512 byte sec) 


hHeads: 


8 


Drive Selects: 


4 


Step rate: 


10 /iS to 7.5 mS 




(0.5 mS increments) 


Data Transfer Rate: 


4.34 l\^ bits/sec or 




5.000 Mbits/sec 


Write Precomp Time: 


12 nanoseconds 


Sectoring: 


Soft 


Host Interface: 


8 Bit bi-directional bus 


Drive Capability: 


10 "LS" Loads 


Drive Cable Length: 


10 ft (3IVI) max. 


Host Cable Length: 


3 ft. (1 M) max. 


Power Requirements: 


+ 5V ±5%, 3.0A Max. (2.5A 




typ.) 


Ambient Temperature 




Operating: 


0°C to SCO (32 F to 122 F) 


Relative Humidity: 


20% to 80% 


MTBF: 


10,000 POH 


MTTR: 


30 minutes 


Length: 


9.9 in. (24.9 cm) 


Width: 


6.8 in. (17.1 cm) 


Height: 


0.75 in. (1.9 cm) 


Mounting Centers: 


6.375 X 9.375 in. 




(16 X 23.6 cm) 



HOST INTERFACING 

The WD1001 is designed to easily interface to most 
micro computers and mini-computers. All interfacing 
is done through the Host Interface Connector (J5). 
The interface is very similar to Western Digital's 
family of Floppy Disk Controllers. The only exception 
is the inclusion of the WAIT line. 

WAITS 

The WAIT control line goes true whenever either of 
the following are true: 

• The WD1001 is accessing data internally to send 
to the host during a read operation. 

• The WD1001 has not accepted the data from the 
host during a write operation. 

The d efinition of the WAIT line is very similar to the 
WAIT signal found on many popular processors. 
WAIT is also similar to the REPLY signal on Western 
Digital and other processors. 

WAIT will not necessarily make a transition for each 
access to the WD1001. When the WD1001 can return 
the requested data w ithin 100 nS, there will be no 
transition of the WAIT line. This should be interpreted 
as an instant REPLY on Western Digital Processors. 

If the WD1001 cannot return the requested data 
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within 100 n S. it will assert its WAIT line. Tlie period 
of the WAIT signal will vary from 750 nS to 6 fi S with 
1.25 juS being about average. The period of the WAIT 
only approaches 6 during a read or write which 
happens immediately after a command is written to 
the command register. This means that longer waits 
may be encountered during the first read or write to 
any WD1001 register if that first read or write hap- 
pens within approximately 6 /^S of a command being 
issued. 



During the time that WAIT is asserted, the host sys- 
tem must hold all of its strobe and address lines sta- 
ble. On write operations, the DAL lines must also be 
held stable. 

The Host Interface connector (J5) consists of an 
eight bit bi-directional bus, three bit address bus, and 
seven control lines. All commands, status, and data 
are transferred over this bus. See Table 1 : 



HOST INTERFACE CONNECTOR TABLE 1 



SIGNAL GROUND 


SIGNAL PIN 


SIGNAL NAME 


DESCRIPTION 


2 

6 
8 
10 
12 
14 
16 


1 

o 
o 

5 

7 

9 

11 

13 

15 


DALO 

n A 1 1 
UALl 

DAL2 
DAL3 
DAL4 
DAL5 
DAL6 
DAL7 


8 bit bi-directional Data Access Lines. These 

illico icillcilll III a lliyil-lli ipcUailUc olalo Wilcri* 

ever the CS line is inactive. 


18 
20 
22 


17 
19 
21 


AO 
A1 
A2 


, These three Address Lines are used to select 
one of eight registers in the Tasl< File. They 
must remain stable during all read and write 
operations. 


24 


23 


CS 


When Card Select is active along with RE or 
WE, Data is read or written via the DAL bus. CS 
must make a transition for each byte read from 
or written to the task file. 


OR 


OK 


Vvt 


When Write Enable is active along with CS, the 
host may write data to a selected register of the 
WD1000. 


28 


27 


RE 


When Read Enable is active along with CS, the 
host may read data from a selected register of 
theWDIOOI. 


30 


29 


WAIT 


Upon receipt of a CS, the WAIT line may go ac- 
tive. It returns to the inactive state when the 
DAL lines are valid on a read, or data has been 
accepted on a write. 


32 


31 


Not Connected 




34 


33 


Not Connected 




36 


35 


INTRO 


The INTerrupt ReQuest Line is activated when- 
ever a command has been completed. It is reset 
to the inactive state when the Status Register is 
read, or a new command is loaded via the DAL 
lines. 


38 


37 


DRQ 


The Data ReQuest line is activated whenever 
the sector buffer contains data to be read by the 
host, or is awaiting data to be loaded by the 
host. This line is reset whenever the Data Regis- 
ter is read from or written to. The DRQ line will 
continue to toggle until the buffer is exhausted 
or until a write or read is performed on the 
Cylinder Low register. 
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HOST INTERFACE CONNECTOR 



TABLE 1 



SIGNAL GROUND 


SIGNAL PIN 


SIGNAL NAME 


DESCRIPTION 


40 


39 


MR 


Thp Mr^^tpr Rp^At linp initif)li7PQ ^11 intprrir^l 
logic on the logic on the WD1001. Sector Num- 
ber, Cylinder Number and SDH are cleared, 
stepping rate is set to 7.5 mS, Write Precomp is 
set to cylinder 128 and Sector Count is set to 1. 
The DRQ and intrq lines are reset. 




41 


Not Connected 






42 


Not Connected 




43-50 


+ 5V 


8 power pins for regulated + 5 volts. This power 
input is also available on J6, pin 3. 


Note: Grounds 


All even numbered pins (2 through 40) are to be 
used as signal grounds. Power ground is avail- 
able on J6, pin 1. 



DRIVE CONTROL CONNECTORS 

The drive control connector Is a (relatively) low speed 
bus that Is daisy chain connected to each of the 
drives (up to four) in the system. To properly ter- 
minate each TTL level output signal from the 
WD1001, the last drive in the daisy chain should have 
a 220/330 ohm line termination resistor pack in- 
stalled. All other drives should have no termination. 
See Tables 2 and 3: 

34 PIN DRIVE CONTROL CONNECTOR TABLE 2 



SIGNAL 


SIGNAL 




SIGNAL 


GROUND 


PIN 


I/O 


NAME 


1 


2 


0 




3 


4 


0 


Head Select 2 


5 


6 


0 


Write Gate 


7 


8 


1 


Seek Complete 


9 


10 


1 


trooo 


11 


12 


1 


Write Fault 


13 


14 


0 


Head Select 0 


15 


16 


1 


Sector 


17 


18 


0 


Head Select 1 


19 


20 


1 


Index 


21 


22 


1 


Ready 


23 


24 


0 


Step 


25 


26 


0 


Drive Select 1 


27 


28 


0 


Drive Select 2 


29 


30 


0 


Drive Select 3 


31 


32 


0 


Drive Select ? 


33 


34 


o 


Direction In 



50 PIN DRIVE CONTROL CONNECTOR FOR 
SA1000 TYPE INTERFACE TABLE 3 



SIGNAL 


SIGNAL 




SIGNAL 


GROUND 


PIN 


I/O 


NAME 


1 


2 


0 


RWC 


3 


4 


0 


Head Select 2 


5 


6 




NO 


7 


8 


1 


Seek Complete 


9 


10 




NO 


11 


12 




NO 


13 


14 


0 


Head Select ^ 


15 


16 


1 


Sector 


17 


18 


0 


Head Select 1 


19 


20 


1 


Index 


21 


22 


1 


Ready 


23 


24 




NC 


25 


26 


0 


Drive Select 1 


27 


28 


0 


Drive Select ? 


29 


30 


0 


Drive Select 3 


31 


32 


0 


Drive Select 4 


33 


34 


0 


Direction In 


35 


36 


0 


Step 


37 


38 




NC 


39 


40 


0 


Write Gate 


41 


42 


1 


TFR5(5D 


43 


44 


1 


Write Fault 


45 


46 




NC 


47 


48 




NC 


49 


50 




NC 



DRIVE CONTROL SIGNAL DESCRIPTIONS 
RWC 

When the Reduce Write Current line is activated with 
Write Gate, a lower write current is used to com- 
pensate for gre ater b it packing density on the inner 
cylinders. The RWC line is activated when the 
cylinder number is greater than or equal to four times 
the contents of the Write Precomp Register. This 
output is valid only during Write and Format com- 
mands. 



Write Gate 

This output signal allows data to be written on the 

disk. 

Seek Complete 

Informs the WD1001 that the head of the selected 
drive has reached the de sired cylinder and has 
stabilized. Seek Complete is not checked after a 
SEEK command, thus allowing overlapped seeks. 
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Track 000 



Indicates that the RA/V heads are positioned on the 
outer-most cylinder. This line is sampled immediately 
before each step is issued. 



with a length of less than 10 feet. The cable pin-outs 
are per Table 4: 



Write Fault 

Informs the WD1001 that some fault has occurred on 
the selected drive. The WD1001 will not execute 
commands when this signal is true. 

HSO HS2 

Head Select lines are used by the WD1001 to select a 
specific R/W head on the selected drive. 

fndex 

Is used to indicate the index point for synchroniza- 
tion during formatting and as a time out mechanism 
for retries. This signal should pulse once each rota- 
tion of the disk. 

HiaHy 

Informs the WD1001 that the desired drive is selected 
and that its motoi- is up to speed. The WD1001 will 
not execute commands unless this line is true. 



DATA CONNECTIONS 

AND DESCRIPTIONS TABLE 4 



SIGNAL 


SIGNAL 




SIGNAL 


GROUND 


PIN 


I/O 


NAME 


2 


1 


1 


- Drive Selected 


4 


3 




NC 


R 
O 


\j 






8 


7 




NC 




9 


0 


Timing Clock 




10 


0 


-Timing Clock 


11 






GND 


12 






GND 




13 


0 


+ IV1FM Write Data 




14 


0 


- MFM Write Data 


15 






GND 


16 






GND 




17 


1 


+ MFM Read Data 




18 


1 


- MFM Read Data 


19 






GND 


20 






GND 



Step 

This line is pulsed once for each cylinder to be 
steppe d. The direct ion of the step will be determined 
by the DIRECTION IN line. The step pulse period is 
determined by the internal stepping rate register 
during implied seek operations or explicitly during 
Seek and Restore commands. During auto restore, 
the step pulse period is determined by the SEEK 
COMPLETE time from the drive. 



Direction In 

IDetermines the direction of motion of the RAA/ head 
when the step line is pulsed. A high on this line 
defines the direction as out and a low defines 
direction as in. 

DS1 DS4 

These four Drive Select lines are used to select one 
of four possible drives. 



DRIVE DATA CONNECTOR 

Four data connectors (J1-4) are provided for clock 
signals and data between the WD1001 and each 
drive. All lines associated with the transfer of data 
between the drive and the WD1001 system are dif- 
ferential in nature and may not be multiplexed. The 
data connectors are 20 pin vertical headers on tenth- 
inch centers that mate with Burndy #FRS20BS. The 
cable used should be flat ribbon cable or twisted pair 



DIFFERENTIAL DATA DRIVER/RECEIVER 




AMD 26LS32 



NOTE: ANY RS 422 
DRIVER/RECEIVER PAIR 
WILL INTERFACE 



Zx = i05a 

FLAT RIBBON OR TWISTED PAIR 
MAX 10 Ft 



POWER CONNECTOR 

A three pin molex connector (J6) is provided for 
power input to the board. The customer supplied 
mating connector housing is Molex 03-09-1032. The 
pin-outs are as shown in Table 5: 

TABLE 5 



PIN 


SIGNAL NAME 


1 


Ground 


2 


Not Connected 


3 


-f-5V Regulated 
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COMMANDS 

^ The WD1001 executes five easy to use macro 
^ commands. Most commands feature automatic 
2 'implied' seek, which means the host system need 
O not tell the WD1001 where the R/W heads of each 
2 drive are or when to move them. The controller 
automatically performs all needed retries on all 
errors encountered including data ECC errors. If the 
RAA/ head mis-positions, the WD1001 will automat- 
ically perform a restore and a re-seek. If the error is 
completely unrecoverable, the WD1001 will simulate 
a normal completion to simplify the host system's 
software. 

Commands are executed by loading the command 
byte into the Command Register while the controller 
is not busy. (Controller will not be busy if it has 
completed the previous command.) The task file 
must be loaded prior to issuing a command. No 
command will execute if the Seek Complete or 
Ready lines are false or if the Write Fault line is true. 
Normally it is not necessary to poll these signals 
before issuing a command. If the WD1001 receives a 
command that is not defined in the following table, 
undefined results will occur. 

For ease of discussion, commands are divided into 
three types which are summarized in Table 6: 



TABLE 6 



TYPE 


COMMAND 


BITS 

7 6 5 4 3 2 1 0 


II 
III 
III 


Restore 
Seek 

Read Sector 
Write Sector 
Format Track 


0 0 0 1 r3 r2 ri ro 
0 1 1 1 ra ra ri ro 
0 0 1 0 D M L 0 
0 0 1 1 0 M L 0 
0 1 0 1 0 0 0 0 



NOTE: 

The DMA bit is used to position INTRQ in relation to 
DRQs during the read sector command. If the DMA 
bit is reset {D = 0), the interrupt will occur before the 
first DRQ. This allows the programmed I/O host to 
inten/ene and transfer the data from the sector buffer. 
If the DMA bit is set (0 = 1), then the interrupt will 
occur only after the system DMA controller has 
transferred the entire buffer of data. 

TYPE I COMMANDS 

These commands simply position the RA/V heads of 
the selected drive. Both commands have explicit 
stepping rate fields. The lower four bits of these 
commands form the stepping rate. 

RESTORE 

The Restore command is used to calibrate the 
position of the R/W head on each d rive by stepping 
the head outward until the TROOO line goes true. 
Upon receipt of the Restore command, the Busy bit 
in the Status Register is set. Cylinder High and 
Cylinder Low Registers are cleared. The lower four 
bits of the command byte are stored in the stepping 
rat e register for subsequen t im plied seeks. The state 
of Seek Complete, Ready and Write Fault are sam- 
pled, and if an error condition exists, the Aborted 
command bit in the Error Register is set, the Error bit 
in the Status Register is set, an interrupt is generated 
and the Busy bit is rest. 

If no errors are encountered thus far, the internal 
head positi on reg ister for the sele cted d rive is 
cleared. The TROOO line is sampled. If TROOO is true, 
an inte rrupt is generated and the Busy bit is reset. If 
TROOO is not true, stepping pulses at a rate deter- 
mined by the stepping rate fi eld are issued until the 
TROOO line is activated. When TROOO is activated, the 
Busy b it is reset and an interrupt is issued. If the 
TROOO line is no t activated within 1023 stepping 
pulses, the TROOO Error bit in the Error Register and 
the Error bit in the Status Register are set, the Busy 
bit is reset and an interrupt is issued. 



r3.r0 - STEPPING RATE 



0000 




IOmS 


1000 




4.0mS 


0001 




0.5mS 


1001 




4.5mS 


0010 




I.OmS 


1010 




5.0mS 


0011 




1.5mS 


1011 




5.5mS 


0100 




2.0mS 


1100 




e.OmS 


0101 




2.5mS 


1101 




6.5mS 


0110 




3.0mS 


1110 




7.0mS 


0111 




3.5mS 


1111 




7.5mS 



D = DMA Read Mode L = Long Read/Write 

0 = Programmed I/O 

Mode 0 = Normal ReadA/Vrite 

1 = DMA Mode 1 = Long Read/Write 

M = 1 = Multiple Sector ReadA/Vrlte 

0 = Single Sector ReadA/Vrite 



SEEK 

The Seek command positions the R/W head to a 
certain cylinder. It is primarily used to start two or 
more concurrent seeks on drives that support buf- 
fered stepping. Upon receipt of the Seek command, 
the Busy bit in the Status Register is set. The lower 
four bits of the command byte are stored in the 
stepping rat e regi s ter for subsequen t im plied seeks. 
The state of Seek Complete, Ready and Write Fault 
are sampled, and if an error condition exists, the 
Aborted command bit in the Error Register is set, the 
Error bit in the Status Register is set, an interrupt is 
generated and the Busy bit is reset. 

If no errors are encountered thus far, the internal 
head position register for the selected drive is up- 
dated, the direction line is set to the proper direction 

and a step pulse is issued for each cylinder to be read 
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and an interrupt is issued. Note that ttie Seek 
Complete line is not sampled after the Seek com- 
mand, allowing multiple seek operations to be 
started using drives with buffered seek capability. 

TYPE II COMMANDS 

This type of command is characterized by a transfer 
of a block of data from the WD1001 buffer to the host. 
This command has an implicit stepping rate as set by 
the last Restore or Seek command. 

READ SECTOR 

The Read Sector command is used to read a sector of 
data from the disk to the host computer. Upon receipt 
of the Read command, the Busy bit in the Status 
regi ster is set. The state of Seek Complete, Ready 
and Write Fault are sampled, and if an error condition 
exists, the Aborted Command bit in the Error Regis- 
ter is set, the Error bit in the Status Register is set, 
and a normal completion is simulated. 

If no errors are en coun t ered so fa r, a Seek command 
is e xecuted. The Se ek Complete line Is sampled. If 
the Seek Complete line does not go true within 128 
Index pulses, the Aborted command bit in the Error 
Register is set, the Error bit in the Status Register Is 
set, and a normal completion is simulated. 

Once the head has settled over the desired cylinder, 
the WD1001 will attempt to read the sector. The 
WD1001 performs all retries necessary to recover the 
data during the read command. The controller at- 
tempts to read the desired sector up to 16 times. It 
will attempt a retry if it does not find an ID, if the ID of 
that sector has a bad CRC or if the Data Address 
Mark (DAM) couldn't be found or even if the data was 
actually read from the disk but incurred an un- 
correctable error. 

Every time the controller encounters an error, it re- 
cords the occurrence of that error in an internal regis- 
ter. If, after 16 retries, the controller was not able to 
get a match on the ID field, it assumes that the head 
was possibly mis-positioned and executes an auto- 
restore. During the auto-rest ore, t h e stepping rate is 
implied to be equal to the Seek Complete period. 
After the auto-restore has been successfully com- 
pleted, the controller re-seeks and attempts to read 
the sector once again. An auto-restore will be per- 
formed only once per read or write sector command. 

If the WD1001 encounters an ECC error, It will at- 
tempt to correct the data in its sector buffer. If It can 
correct the data, the Corrected bit in the Status 
register will be set, if not, the Uncorrectable Error bit 
is set. 

If the controller encounters a non-recoverable error, 
the controller examines its internal error history 
register. It then sets the bit In the Error Register of 
the highest severity error incurred. If the Un- 
correctable bit Is set, the data that last produced that 



error will be available in the sector buffer. The Error 
bit in the Status Register js set and a normal com- 
pletion is simulated. 

READ LONG 

This variation of the Read command allows the user 
to read the ECC check bits directly. The check bits 
are placed in the data buffer immediately behind the 
data. This increases the effective buffer length by 

four bytes. 

TYPE III COMMANDS 

This type of command is characterized by a transfer 
of a block of data from the host to the WD1001 buffer. 
These commands have implicit stepping rates as set 
by the last Restore or Seek command. 

WRITE SECTOR 

The Write Sector command is used to write a sector 
of data from the host computer to the disk. Upon 
receipt of the Write command, the controller 
generates DRQs for each byte to be written to the 
buffer. (Note: It is recommended that programmed 
I/O transfers should take place as a block move 
without consulting the DRQ bit in the Status 
Register.) 

After all data has been sent to the sector buffer, the 
Busy bit in the Status Regi ster is set. The state of 
Seek Complete, Ready and Write Fault are sampled, 
and if an error condition exists, the Aborted com- 
mand bit in the Error Register is set, the Error bit in 
the Status Register is set, an Interrupt is generated 
and the Busy bit is reset. 

If no errors are en coun t ered so fa r, a Seek command 
is e xecuted. The Se ek Complete line is sampled. If 
the Seek Complete line doesn't go true within 128 
Index pulses, then the Aborted command bit in the 
Error Register is set, the Error bit in the Status 
Register is set, an interrupt is generated and the 
Busy bit is reset. 

Once the head has settled over the desired cylinder, 
it will attempt to read the ID of the sector. The 
WD1001 performs all retries necessary to recover the 
ID during the write command. The controller at- 
tempts to read the ID of the desired sector up to 16 
times. It will attempt a retry if it doesn't find an ID or if 
the ID of that sector has a bad CRC. 

Every time the controller encounters an error, it 
records the occurrence of that error in an internal 
register. If, after 16 retries, the controller was not able 
to get a match on the ID field, it assumes that the 
head was possibly mis-positioned and executes an 
auto-restore. During the autei-restor e, the stepping 
rate is implied to be equal to the Seek Coniplete 
period. After the auto-restore has been successfully 
completed, the controller re-seeks and attempts to 
write the sector once agai n. 
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If the controller encounters a non-recoverable error, 
the controller examines its internal error history 
^ register. It then sets the bit in the Error Register of 
O the highest severity error incurred. The Error bit in the 
Q Status Register is set, an Interrupt is generated and 
O the Busy bit is reset. 

If the proper sector is located, the sector buffer is 
written to the disk, an Interrupt is generated and the 
Busy bit is reset. 

WRITE LONG 

This variation of the write command allows the user 
to Introduce various error patterns to check correc- 
tion capability. The check bits follow the data In the 
sector buffer. This increases the effective buffer 
length by four bytes. 

FORMAT TRACK 

The Format command Is used for initializing the ID 
and data fields on a particular disk. Upon receipt of 
the Format command, the controller generates DRQs 
for each byte of the interleave table to be written to 
the buffer. In all cases, the number of bytes trans- 
ferred to the buffer must correspond to the current 
sector size. 



After all data has been sent to the buffer, the Busy^bjt 
in the Status Re gist er is set. The state of Seek 
Complete, Ready and Write Fault lines are sampled. 
If an error condition exists, the Aborted command bit 
in the Error Register is set, the Error bit in the Status 
Register is set, an interrupt is generated and the 
Busy bit is reset. 

If no errors are encountered so far, a Seek command 
is executed. No verification of track positioning 
accuracy is performed because the track may not 
have any ID fields present. After t he Seek o peration 
has been perf ormed , the See k Complete line is 
sampled. If the Seek Complete line is not asserted 
within 128 Index pulses, the Aborted command bit in 
the Error Register is set, an Interrupt is generated and 
the Busy bit is reset. 

Once the head has settled over the desired cylinder, 
the controller starts writing a pattern of 4E's until the 
index is encountered. Once the index is found, a 
number of ID fields and nulled data fields are written 
to the disk. The number of sectors written is equal to 
the contents of the Sector Count Register. As each 
sectdr is written, the Sector Count Register is 
decremented, and consequently, must be updated 
before each format operation. 



GAP 3 
(4E) 



14 BYTES 
(<txt>) 
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SH 



SEC 



CRC 
-2- 



3B 



12 
BYTES 
(«») 
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DATA 
FIELD 



ECC 
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3 BYTES 
(**) 



u 



-ID FIELD- 



200 nS. MIN. INDEX PULSE WRITE GATE- 



■DATA FIELD- 



NOTE: 

1) When MSB of head byte = 1, bad block Is detected. 

2) Write Gate turn-on Is 3 bytes after the ID field's CRC bytes. 

3) Write Gate turn-off Is 3 bytes after the Data Field's ECC or 
CRC bytes. 

4) 12 bytes of zeroes are re-wrltten on a Data Field update. 

5) The 2 LSB's of the IDENT byte are used for Cylinder high 
These values are: 

FE = 0 to 255 cylinders 
FF = 256 to 51 1 cylinders 
FC = 512 to 767 cylinders 
FD = 768 to 1023 cylinders 

6) GAP 3 values are: 



SECTOR LENGTH 


GAPS 


128 


15 


256 


15 


512 


30 
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After the last sector is written, the controller back- 
fills the track with 4E's. When the next index pulse 
after the last sector is written is encountered, the for- 
mat operation is terminated, an Interrupt is generated 
and the Busy bit Is reset. 

SETTING UP TASK FILES 

[Before any of the five commands may be executed, a 
set of parameter registers called the Task File must 
be set up. For most commands, this informs the 
WD1001 of the exact location on the disk that the 
transfer should take place. For a normal read or write 
sector operation, the Sector Number, the Size/Drive/ 
Head, Cylinder Number, and Command registers 
(usually in that order) will be written. 

Note that most of these registers are readable as well 
as writable. These registers normally are not read 
from, but this feature is provided so that error report- 
ing routines can determine physically where an error 
occurred without recalculating the sector, head and 
cylinder parameters. 

Since the V^/D1001 can recall all the Task File 
parameters sent to it, It is recommended that Task 
File parameters be stored in the WD1001 as they are 
calculated. This will save the programmer a few 
instructions by not maintaining two copies of the 
same information. 

Since most hard disk drives contain more than one 
head per positioner, it is more efficient to step the 
RI\N head assemblies of most disk drives by cylin- 
ders, not tracks. In other words, the disk driver 
software should be designed to read or write all data 
that is directly accessible by all the heads on a 
positioner before stepping to a new cylinder. 
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STATUS AND ERROR REGISTER BITS 
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TROOO Error 


0 
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PROGRAMMING 

Users familiar with floppy disk systems will find 
programming the WD1001 a pleasant surprise. A 
substantial amount of intelligence that was 
required by the host computer has been in- 
corporated into the WD1001. The WD1001 performs 
all needed retries, even on data ECC and head 
positioning errors. Most commands feature 
automatic 'implied' seek which means that seek 
commands need not be issued to perform basic 
read/write functions. The WD1001 keeps track of 
the position of up to four read/write head 
assemblies, so the host system does not have to 
maintain track tables. All transfers to and from the 
disk are through an on-board full sector buffer. This 
means that data transfers are fully interruptable and 
can take place at any speed that is convenient to 
the system designer. In the event of an 
unrecoverable error, the WD1001 simulates a 
normal completion so that special error recovery 
software Is not needed. 



See page 725 for ordering information. 
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This is a preliminary specification with tentative device parameters and may be subject to change after final product characterization is completed. 

Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from Its use. No license Is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 

specifications at anytime without notice. 
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Printed m USA 



WESTEKIV DIGITAL 

CORPORAT/ON 

WD1002 Winchester Disk Controller 



GENERAL DESCRIPTION 

The WD1002 is next generation of Wincliester 
Controiiers. it utilizes the WD1010 Winchester 
controller chip, and provides for floppy disl< back up 
using the WD279X series of single chip floppy 
controllers. 

Incorporated in this controller is all the circuitry 
needed for Hard disk control with floppy backup. 

The firmware is incorporated in the WD1010 and the 
controller is compatible with previous WD1000 and 
WD1001. Additional software is needed for the floppy 
disk backup. Users of the WD1000/WD1001 need not 
use the floppy controller. 



FEATURES 

SINGLE 5V SUPPLY 
FLOPPY DISK BACKUP 
ECC/CRC 

ST506 OR SA1000 INTERFACE 
COMPACT SIZE 
SECTOR SIZES TO 1024 
DATA RATES TO 5MBS 
AUTOMATIC FORMATTING 
' WD1000 COMPATIBILITY 

See page 725 for ordering information. 
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specifications at anytime without notice. 
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Printed in USA 



WESTERN DIGITAL 

CORPORAT/ON 

WD1100 Series Winchester Controller Chips 



DESCRIPTION 

The WD1100 Chip series provides a low cost alternative for 
developing a Winchester Controller These devices have 
been designed to read and convert an MFM data stream 
into 8-bit parallel bytes. During a write operation, parallel 
data Is converted back into MFM to be written on the disk. 
Address Marks are generated and detected while CRC 
bytes can be appended and checked on the data stream. 
The WD1 100 is fabricated In N-channel silicon gate technol- 
ogy and is available In a 20-pin Dual-ln-Line package. 

• WD1 100-01 SER/PARALLEL CONVERTER 

• WD1 100-02 MFM GENERATOR 

• WD1100-12 IMPROVED MFM GENERATOR 

• WD1 100-03 AM DETECTOR 

• WD1 100-04 CRC GENERATOR/CHECKER 

• WD1 100-05 PAR/SERIAL CONVERTER 

• WD1 10006 ECC/CRC LOGIC 

• WD1100O7 HOST INTERFACE LOGIC 

• WD1 100-09 DATA SEPARATION SUPPORT LOGIC 



FEATURES 

• SA1000/ST506 COMPATIBLE 

• SINGLE 5V SUPPLY 

• TRI-STATE DATA LINES 

• 5 MBITS/SEC TRANSFER RATE 

• SIMPLIFIED INTERCONNECT 

APPLICATIONS 

Winchester Controllers For: 

• SHUGART ASSOCIATES 

• SEAGATE TECHNOLOGY 

• QUANTUM CORP. 

• TANDON MAGNETICS 

• MINISCRIBE 

• RMS 

• CMI . . . AND OTHERS 
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20 LEAD CERAMIC "U" 

See page 725 for ordering information. 




20 LEAD PLASTIC 'V 
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Printed m U S.A. 



Western Digital 

WD1100-01 Serial/Parallel Converter 



DESCRIPTION 

The WD1100-01 Serial/Parallel Converter allows the user to 
convert NRZ (non-return to zero) data from a Winchester 
disk drive into 8 bit parallel form. Additional inputs are pro- 
vided to signal the start of the parallel process, as well as 
Byte Strobes to signify the end of the conversion. The 
device contains two sets of 8-bit registers; one register may 
be read (in parallel), while data is being shifted into the 
other register This double-buffering allows the Host to read 
data from the disk drive at one-eighth the actual data rate. 



The WD1100-01 is implemented in NMOS silicon gate 
technology and is available in a 20 pin plastic or ceramic 
dual-in-line package. 

FEATURES 

. SINGLE -^5V SUPPLY 

• DOUBLE BUFFERING 

• BYTE STROBE OUTPUTS 

• 5MBITS/SEC SHIFT RATE 

• SERIAL IN/SERIAL-PARALLEL OUT 

• 20 PIN DIP PACKAGE 
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WD1 100-01 
Figure 1. Pin Connections 



WD1100-01 
Figure 2. Block Diagrams 
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PIN 
NUMBER 


SYMBOL 


NAME 


FUNCTION 


1 


CLK 


CLOCK 


NRZ data is entered into the 8-bit shift register on the low- 
to-high transition of clock. 


2 


NC 


NO CONNECTION 


No connection. This pin is to be left open by the user 


3 


BCLR 


BYTE CLEAR 


When this line is at a logic 0, the BDONE (Pin 15) line is held 
reset. 


4 


TEST 


TEST INPUT 


This pin must be left open by the user. 


5-9, 
11-13 


D00-D07 


DATA0-DATA7 


8 bit parallel data outputs. 


10 


vss 


GROUND 


Ground. 


14 


SHFCLK 


SHIFT CLOCK 


Inverted copy of CLOCK (pin 1) which is active when EN 
(pin 19) is at a logic 1. 


15 


BDONE 


BYTE DONE 


This signal is forced to a logic 1 signifying 8 bits of data 
have been assennbled. BDONE remains in a logic 1 state 
until reset by a logic 0 on the BCLR (pin 3) line. 


16 


DOUT 


DATA OUT 


Serial Data Output from the 8th stage of the internal shift 
register DOUT is in a high impedance state whenever EN 
(pin 19) is at a logic 0. 


17 


sf 


START 


This line enables the byte counter and is used for syn- 
chronization. It must be held to a logic 1 prior to first data 
bit on the NRZ (Pin 18) line. 


18 


NRZ 


NRZ DATA 


NRZ serial data is entered on this pin and clocked by the 
low to high transition of CLK (pin 1). 


19 


EN 


ENABLE 


When this signal is at a logic 0, DOUT, SHFCLK, and 
BDONE outputs are in a high impedance state. 


20 


vcc 


Vcc 


-f5V ± 10% power supply input. 



DEVICE DESCRIPTION 

Prior to shifting data through the device, the WD1 100-01 
must be synchronized to the data stream. The ST line (Pin 
17 high) is used to hold the internal bit counter in a cleared 
statejjntil valid data (NRZ) and clocks (CLK) are entered. 
The ST line is a synchronous input and therefore requires 
one ful[cycle of the CLK line (Pin 1) to occur in order to ac- 
cept a ST condition. After this happens, the device is ready 
to perform serial to parallel conversions. 

Data is entered on the NRZ line and clocKed into the 8-b[t 
shift register on the low-to-high transition of CLK. The ST 
line must be set low during the low time of CLK. Data is ac- 
cepted on low-to-high transition of the clock while the high- 
to-low transition of CLK increments the bit counter. After 8 
data bits have been entered the final high-to-low transition 
of CLK sets an Internal latch tied to the BDONE line (Pin 
15). At the same time, the contents of the shift register are 
parallel loaded into an 8 bit register making the parallel data 
available on the D00-D 07 out puts. BDONE will remain in a 
latched state until th e BCL R is set to a logic 0, clearing off 
the BDONE signal. BCLR is a level triggered input and 
must be set back to a logic 1 before the next 8 bits are 
shifted through the register. BCLR has no effect on the 
serial shifting process. When the next 8 bits are received, 
BDONE will again be set and the operation continues. 



When interfacing to a microprocessor, BDONE is used to 
indicate a parallel byte is ready to be read. As the proce ssor 
reads the data out of the D00-D07 lines, the BCLR line 
should be strobed to clear off BDONE in anticipation of the 
next assembled byte. An address decode signal generated 
at the host may be used for this purpose. During a power- 
up condition, the s tate o f BDONE is indeterminant. It is 
recommended that BCLR be strobed low after power-up to 
Insure that BDONE is cleared. 

The serial output line from the last stage of the shift 
register is available on t he DOUT pin. An inverted copy of 
CLK is availab le on the SHFCLK pin. Both DOUT (Pin 16) 
and SHFCLK (Pin 14) can be used to drive another shift 
register external to the device. 

The three signals BDONE, DOUT and SHFCLK can be 
placed in a high impedance state by setting EN (Pin 
19) to a logic 0. Likewise, EN must be at a logic 1 in 
order for these signals to be active. 

The TEST pin is internally OR'ed with th e ST l ine to inhibit 
the bit counter. It is recommended that TEST be left open 
by the user. An internal pull-up resistor is tied to this pin to 
satisfy the appropriate logic level required internally for 

proper device operation. 
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SPECIFICATIONS 



ABSOLUTE MAXIMUM RATINGS 



Ambient Temperature under Bias 0°C to 50°C 

Voltage on any pin 

witli respect to Vss - 0.2V to + 7.0V 

Power Dissipation 1 Watt 

STORAGE TEMPERATURE 

PLASTIC -55Xt0 +125°G 

CERAMIC -55°Cto +150''C 



NOTE: Maximum ratings indicate operation where perma- 
nent device damage may occur. Continuous opera- 
tions at these limits is not intended and should be 
limited to those conditions specified in the DC 
electrical characteristics. 



DC Electrical Characteristics Ta = O'CtoSOX; Vqc = -t-5V ± 10%, Vss = OV 



SYMBOL 


PARAMETER 


MIN 


TYP' 


MAX 


UNIT 


CONDITION 


V|L 


input Low Voltage 


-0.2 




0.8 


V 




V|H 


Input High Voltage 


2.0 






V 




vo 


Output Low Voltage 






0.4 


V 


lOL = 3.2 mA 


VOH 


Output High Voltage 


2.4 






V 


IQH = -200mA 


vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 




'cc 


Supply Current 






100 


mA 


All Outputs Open 



AC Electrical Characteristics Ta = 0° to50°C, Vcc = 5V±10%,Vss = OV 



SYMBOL 


PARAMETER 


MIN 


TYP' 


MAX 


UNITS 


CONDITION 


fCL 


CLK FREQUENCY 


0 




5.25 


MHZ 




tLS 


i CLK to ST 


0 






nsec 


ST = 1 (min 200nsec) 


tHS 


t CLK to ST 


0 






nsec 


ST = 1 (min 200nsec) 


tDS 


Data set-up to t CLK 


15 






nsec 




tVB 


BDONE valid from t CLK 


65 




110 


nsec 


EN = 1 


tRS 


BDONE reset from BCLR 






110 


nsec 


EN = 1 


tBW 


BCLR Pulse Width 


50 






nsec 


EN = 1 


tsc 


tCLKtolSHFCLK 






90 


nsec 


EN = 1 


tcs 


;CLK totSHFCLK 






100 


nsec 


EN = 1 


tSD 


Data delay from t SHFCLK 






55 


nsec 


EN = 1 


tpo 


Enable to DOUT ACTIVE 






90 


nsec 




tDH 


Data Hold w.r.t. t CLK 


25 






nsec 





NOTES: 1. Typical Values are for Ta = 25 °C and Vcc = +5.0V 
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Implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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Western Digital 
WD1100^2 MFIVI Generator 



DESCRIPTION 

The WD1 100-02 MFM Generator converts NRZ data into an 
MFM (Modified Frequency Modulated) data stream. The 
derived MFM signal containing both clocks and data can 
then be used to record information on a Winchester Disk 
Drive utilizing this recording technique. In addition to an 
MFM output, the device generates first level Write 
Precompensation signals for use with Inner track densities. 
A unique feature of the WD1 100-02 is the ability to delete a 
clock puise in the outgoing MFM stream in order to record 
Address Marks. 



The WD1 100-02 is fabricated in NMOS silicon gate 
technology and is available in a 20 pin plastic or ceramic 
duai-in-iine package. 

FEATURES 

• SINGLE -f-SV SUPPLY 

• 5 MBIT/SEC DATA RATE 

• WRITE PRECOMPENSATION 

• ADDRESS MARK GENERATION 

• 20 PIN DIP PACKAGE 



NRZ CI 




20 


□ vcc 


SKPEN 1^ 


2 


19 


1 AO 


WCLK 1 — 


3 


18 


□ A1 


VJCLK d 


4 




1 MR 




5 


16 


1 MFM 


cs C 


e 


15 


1 INTRQ 


DRQCLK 


7 


14 


1 drq' 


INTCLK C 


8 


13 


1 EARLY 


NC \^ 


9 


12 


^ LATE 


vss C 


10 


11 


1 NOM 



RWC 



WCLK 



WCLK 



SKPEN 





E 




WRITE 


4 BIT 


PRECOMP 


SHIFT 


GEN. 


REG. 






MFM GEN 



"SKIP" 
LOGIC 



WD110G-02 
Figure 2. Block Diagram MFM Generator 



TRTCD? 



D Q > 




DECODE 
LOGIC 




EARLY 
NOM 
LATE 



DRQ 



■ INtRd 



WD1 100-02 
Figure 1. Pin Connections 



WD1 100-02 

Figure 3. Block Diagram interrupt Control Logic 
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PIN 
NUMBER 


SYMBOL 


NAME 


FUNCTION 


1 


NRZ 


NON-RETURN-TO 
ZERO 


NRZ data input that is strobed into ttie MFM generator by 
WCLK(I). 


2 


SKPEN 


SKIP ENABLE 


This input arms the SKIP logic for recording Address Marks 
when set to a logic 1. 


3 


WCLK 


WRITE CLOCK 


Complimentary clock inputs. NRZ data is clocked into the 
MFM Generator on the high-to-low transition of 


4 


WCLK 


WRITE CLOCK 


WCLK (pin 3). 


5 


RWC 


REDUCED WRITE 
CURRENT 


This signal when high, enables EARLY, LATE and NOM 
outputs. 


9 


NC 


No Connection 


No Connection. 


10 


vss 


Vss 


Ground. 


11 


NOM 


NOMINAL 


Output signal from the Write Precompensation Logic used 
to signify that data Is to be written nominal. 


12 


LATE 


LATE 


Output signal from the Write Precompensation Logic used 
to signify that data is to be shifted LATE before writing. 


13 


EARLY 


EARLY 


Output signal from the Write Precompensation Logic used 
to signify that data is to be shifted EARLY before writing. 


16 


MFM 


MFM DATA 


This output contains the MFM encoded data derived from 
the NRZ (pin 1) line. 


6 


CS 


CHIP SELECT 


Low input signal used to enable the Address decode logic. 


o 
o 


■ IN 1 ULI\ 


IMTPRRIIPT 
iiN 1 cnni./~ 1 

REQUEST CLOCK 


A high-to-low transition on this line will latch the 
INTRQ (pin 15) at a logic 0. 


7 


DRQCLK 


DATA REQUEST 
CLOCK 


A high-to-low transition on this line will latch the DRQ (pin 
14) at a logic 0. 


15 


INTRQ 


INTERRUPT 
REQUEST 


This output is latched at a logic 0 when INTCLK (pin 8) 
makes a hIgh-to-low transition while the decode logic is 
disabled. 


14 


DRQ 


DATA REQUEST 


This output is latched at a logic 0 when DRQCLK (pin 7) 
makes a high-to-low transition while the decode logic Is 
disabled. 


17 


MR 


MASTER RESET 


A low level on this line causes DRQ and INTRQ to set at a 

logic 1 . 


io, ly 


Ao,Al 


AUUntoo 1, U 


When CS is low and the address lines are high, INTRQ is 
cleared; if the address lines are low then DRQ gets cleared, 
(i.e. set at a logic 1). 


20 


vcc 


Vcc 


+5V ±10% power supply input. 



DEVICE DESCRIPTION 

The WD1100O2 Is divided Into two sections: MFM 
Generator and Interrupt Logic. The MFM Generator con- 
verts NRZ data into MFM data and provides Write 
Precompensation signals. The Inten'upt Logic is used 
specifically on the WD1000 Winchester Controller Board 
and may be used in similar designs to generate Interrupt 
signals. The two sections of the device are isolated and 
have no common input or output signals. 



Prior to entering data, the SKPEN line must be set to a logic 
0 to en able only clocks in the data stream. Data Is entered 
on the NRZ line and strobed on the high-to-low transition of 
WCLK. The encoded NRZ data appears on the MFM (pin 16) 
output lagging by one clock cycle. 

Write Precompensation signals EARLY, LATE, and NOM are 
generated as each data or clock pulse becomes available at 
the input when RWC is logic 1. The algorithm used is on 
Page 8. 
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LAST DATA SENT 


SENDING 


TO BE SENT 
NEXT 


EARLY 


LATE 


NOM 


X 1 


1 


0 


H 


L 


L 


X 0 


1 


1 


L 


H 


L 


0 0 


0 


1 


H 


L 


L 


1 0 


0 


0 


L 


H 


L 


ANY OTHER PATTERN 






L 


L 


H 



DEVICE DESCRIPTION (CONTINUED) 

The SKPEN signal is used to record a unique data/ciock 
pattern as an Address Mark, using A1i6 data with OAig 
clock. This pattern is used for synchronization prior to data 
or ID fields that are read fronri the disk. 

When the SKPEN signal is set to a logic 1, the internal skip 
logi c is e nabled. As long as zeroes are being shifted into 
the NRZ line, the device generates normal MFM data. On 
receipt of the first non-zero bit (typically the MSB of the 
A1i6 the skip logic begins to count WCLK cycles. When the 
MFM generator tries to produce a clock between data bits 2 
and 3, the skip logic disables the MFM generator during 
that time. The result for A1i6 data is a clock pattern of OAie 
Instead of OEie- Although other data patterns may be used, 
the MSB of the pattern must be a 1 (80i6 O'' higher) in order 
to enable the skip logic at the proper time. After the skip 
logic has performed, it then disables itself and MFM data 
is recorded normally starting with the succeeding byte. 
To re-enable the skip logic again, the SKPEN line must be 
strobed. 

The Interrupt Logic Is u sed to c lear Data Requests (DRQ) 
and Interrupt Requests (INTRO) by selecting ^ (pin 6) in 
combination with A q and Ay The M R (Master Reset) signal 
is used to clear both DRQ and INRQ simultaneously. 



MR 


Ai 


Ao 


cs 


DRQ 


INTRO 


0 


X 


X 


X 


H 


H 




X 


X 


1 


Qn 


Qn 




0 


0 


0 


H 


Qn 




1 


1 


0 


Qn 


H 




1 


0 


0 


Qn 


Qn 




0 


1 


0 


Qn 


Qn 



X = Don't care 

Q^ = remains at previous state 

DRQ and INTRO can be set to a logic 0 o nly on the high-to- 
tow transition of DROCLK and INTCLK respectively. The 
signal will remain at a logic 0 until cleared by a MR or pro- 
per address selection via OS, A^, and Aq. 
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SPECIFICATIONS 



ABSOLUTE MAXIMUM RATINGS 

Ambient Temperature under Bias O'c to SCc 

Voltage on any pin with respect to Vss . . - 0.2V to + 7.0V 
Power Dissipation 1 Watt 

STORAGE TEMPERATURE: 

PLASTIC -SS'Cto +A25'C 

CERAMIC -55«Cto +150'C 



NOTE: Maximum ratings indicate operation when perma- 
nent device damage may occur. Continuous opera- 
tion at these limits is not intended and should be 
limited to those conditions specified in the DC Elec- 
trical Characteristics. 



DC Electrical Characteristics Ta = O'CtoSCC, Vcc = -h5V ± 10%, Vss = OV 



SYMBOL 


PARAMETER 


MIN 


TYP^ 


MAX 


UNIT 


CONDITION 


V|L 


Input Low Voltage 


-0.2 




0.8 


V 




V|H 


Input High Voltage 


2.0 






V 




Vol 


Output Low Voltage 






0.4 


V 


•OL = 3.2 mA 


VOH 


Output High Voltage 


2.4 






V 


lOH = - 200mA 


voc 


Supply Voltage 


4.5 


5.0 


5.5 


V 




Ice 


Supply Current 






100 


mA 


Ail outputs open 



AC Electrical Characteristics Ta = 0''Cto50''C; Vcc = -hSV ± 10%; Vss = OV 



SYMBOL 


PARAMETER 


MIN 


TYP^ 


MAX 


UNIT 


CONDITION 


fwc 


WCLK FREQUENCY 






5.25 


MHZ 




tDS 


Data Setup w.r.t.mCLK 


10 






nsec 




tDH 


Data hold w.r.t. 4 WCLK 


25 






nsec 




tMF 


tWCLKtotMFM delay 






160 


nsec 


Pin 1 LOW 


tPM 


iWCLKtolMFM delay 






180 


nsec 


Pin 1 LOW 


tWN 


Data delay to NOM from 
mCLK 






190 


nsec 


Pin 4 = LOW 


tWE 


Data delay to EARLY from 
IWCLK 






180 


nsec 


Pin 4 = LOW 


tWL 


Data delay to LATE from 
mCLK 






180 


nsec 


Pin 4 = LOW 


tMR 


Master reset pulse width 


50 






nsec 




tMD 


AMRtotDRQ 






150 


nsec 
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SYMBOL 



PARAMETER 



MIN 



TYP' 



MAX 



UNIT 



CONDITION 



tMI 

tDQ 

t|Q 

tDD 

t|| 

tAD 

tAI 
tCD 

tci 

tRN 



iMRtOtlNTRQ 



DRQCLK pulse width 



INTCLK pulse width 



i DRQCLK to DRQ 



i INTCLK to INTRQ 
iAXtotDRQ 



tAX totlNTRQ 
iCStotDRQ 



ICStotlNTRQ 
tRWCtolNOM 



50 
50 



150 



120 
120 
145 
160 
145 
180 
115 



nsec 
nsec 
nsec 
nsec 
nsec 
nsec 
nsec 
nsec 
nsec 
nsec 



NOTES: 1. Typical Values are for Ta = 25° C and Vcc = +5.0V. 




WD1100-02 
Figure 4. MFM Generator Timing 
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INTRQ I 

WD1 100-02 
Figure 5 




WD110002 
Figure 7. 
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^:?l*-'ci 



DRS- _^ 
SFJTRO — -li 
WD 1100-02 
Figure 6 



—I t|Q i*- 

INTCLK I _ I 

INTRQ " 1 " 



WD1100-02 
Figure 8. 



See page 725 for ordering informatloh. 
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Information furnished by Western Digital Corporation Is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for its use; nor tor any infringements of patents or other rights of third parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 

specifications at anytime without notice. 
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Printed m USA 



Western Digital 

WP1 100-12 Improved MFM Generator 



DESCRIPTION 

The WD1100-12 improved MFM Generator converts NRZ 
data into an MFM (Modified Frequency Modulated) data 
stream. The derived MFM signal containing (iOth clocks 
and data can then be used to record information on a 
Winchester Disk Drive utilizing this recording technique. In 
addition to an MFM output, the device generates first level 
Write Precompensation signals for use w/ith inner track 
densities. A unique feature of the WD1 100-12 is the ability 
to delete a clock pulse in the outgoing MFM stream in 
order to record Address Marks. 



The WD1100-12 is fabricated in NMOS silicon gate S 
technology and is available in a 20 pin plastic or ceramic 
dual-in-line package. 



FEATURES 

• SINGLE +5V SUPPLY 

• 5 M BIT/SEC DATA RATE 

• WRITE PRECOMPENSATION 

• ADDRESS MARK GENERATION 



NRZC 




20 


□vcc 


skpenCH 


2 


19 


Z3ao 


wclkC 


3 


18 


□ai 


wclk[_ 


4 








5 


16 






6 


15 


ZUlNTRQ 


drqclkL. 


7 


14 




intclkC 


8 


13 


Z]early 




9 


12 


^LATE 


VssQ 


10 







RWC 



NRZ 



2XDR 



1 



WCLKl 



WCLKl 



4 BIT 

SHIFT 

REG. 



WRITE 

PRECOMP 

GEN. 



MFM GEN 



SKPEN ■ 



EARLY 
NOM 
■LATE 



■MFM 



"SKIP" 
E LOGIC 



WD1100-12 
"Figure 2. Block Diagram MFM Generator 
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D s 



r<*CP 

R 
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D IS 
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INTRQ 



WD1 100-12 
Figure 1. Pin Connections 



WD1100-12 

Figure 3. Block Diagram Intemjpt Control Logic 
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PIN 
NUMBER 


SYMBOL 


NAME 


FUNCTION 


1 


NRZ 


NON-RETURNTO 
ZERO 


NRZ data input that is strobed into the MFM generator by 
WCLK(i). 


2 


SKPEN 


SKIP ENARLF 


Thi<=i inntit arm*^ thp RKIP Innin for rfinorriinn Adrirs'^^i Mark<^ 
when set to a logic 1. 


3 


WCLK 


WRITE CLOCK 


Connplimentary clocl< inputs. NRZ data is clocl^ed into the 
MFM Generator on the high-to-low transition of WCLK 


4 


WCLK 


WRITE CLOCK 


(pin 3). 


5 


RWC 


REDUCED WRITE 
CURRENT 


This signal when high, enables EARLY, LATE and NOM 

outputs. 


9 


2XDR 


2 TIMES 
DATA RATE 


This input is used to latch EARLY, LATE, NOM and MFM 
outputs. 


10 


vss 


Vss 


Ground. 


11 


NOM 


NOMINAL 


Output signal from the Write Precompensation Logic used 
to signify that data is to be written nominal. 


12 


LATE 


LATE 


Output signal from the Write Precompensation Logic used 
to signify that data is to be shifted LATE before writing. 


13 


EARLY 


EARLY 


Output signal from the Write Precompensation Logic used 
to signify that data is to be shifted EARLY before writing. 


16 


MFM 


MFM DATA 


This output contains the MFM encoded data derived from 
tne NHZ(pin 1) line. 


6 


CS 


CHIP SELECT 


Low input signal used to enable the Address decode logic. 


8 


INTCLK 


INTERRUPT 
REQUEST CLOCK 


A low on this line will latch the INTRQ (pin 15) at a logic 0. 


7 


DRQCLK 


DATA REQUEST 

Clock 


A low on this line will latch the DRQ (pin 14) at a logic 0. 


15 


INTRQ 


INTERRUPT 
REQUEST 


This output is latched at a logic 0 when INTCLK (pin 8) 
goes/ is low. 


14 


DRQ 


DATA REQUEST 


This output is latched at a logic 0 when DRQCLK (pin 7) 
goes/is low. 


17 


MR 




A Inuv/ louol f\n thic lino ^aiicoc DRr^ sinrl IKIXRO eat of o 

logic 1. 


18,19 


Ao,Ai 


ADDRESS 0,1 


When CS is low and the address lines go high, INTRQ is 
cleared; If the address lines go low then DRQ gets cleared, 
(i.e. set at a logic 1). 


20 


vcc 


Vcc 


-(- 5V ± 10% power supply input. 



DEVICE DESCRIPTION 

The WD1 100-12 is divided into two sections: MFM 
Generator and Interrupt Logic. The MFM Generator con- 
verts NRZ data into MFM data and provides Write 
Precompensation signals. The Interrupt Logic is used 
specifically on the WD1000 Winchester Controller Board 
and may be used in similar designs to generate Interrupt 
signals. The two sections of the device are isolated and 
have no common input or output signals. 



Prior to entering data, the SKPEN line must be set to a logic 
0 to en able only clocks in the data stream. Data is entered 
on the NRZ line and strobed on the high-to-low transition of 
WCLK. The encoded NRZ data appears on the MFM (pin 16) 
output lagging by one clock cycle. 

Write Precompensation signals EARLY, LATE, and NOM 
are generated as each data or clock pulse becomes 
available at the input when RWC is logic 1. The algorithm 
used is on Page 4. 
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LAST DATA SENT 


SENDING 


1 U DC obIM 1 
NEXT 


EARLY 


LATE 


NOM 


X 1 


1 


0 


H 


L 


L 


X 0 


1 


1 


L 


H 


L 


0 0 


0 


1 


H 


L 


L 


1 0 


0 


0 


L 


H 


L 


ANY OTHER PATTERN 






L 


L 


H 



DEVICE DESCRIPTION (CONTINUED) 

The SKPEN signal is used to record a unique data/clock 
pattern as an Address Mark, using Al-ie data with OA^e 
clock. This pattern is used for synchronization prior to data 
or ID fields that are read from the disk. 

When the SKPEN signal is set to a logic 1, the internal skip 
logic is enabled. As long as zeroes are being shifted into 
the NRZ line, the device generates normal MFM data. On 
receipt of tfie first non-zero bit (typically the MSB of the 
A1i6 the skip logic begins to count WCLK cycles. When the 
MFM generator tries to produce a clock between data bits 2 
and 3, the skip logic disables the MFM generator during 
that time. The result for A1 le data is a clock pattern of OAie 
instead of OEie- Although other data patterns may be used, 
the MSB of the pattern must be a 1 (80i6 or higher) In order 
to enable the skip logic at the proper time. After the skip 
logic has performed, it then disables itself and MFM data 
is recorded normally starting with the succeeding byte. 
To re-enable the skip logic again, the SKPEN line must be 
strobed. 

The Interrupt Logic is u sed to clear Data Requests (DRQ) 
and Interrupt Requests (INTRO) by selecting CS (pin 6) in 
combination with An and Ai. The MT ^ (Master Reset) signal 
is used to clear both DRQ and INRQ simultaneously 



MR 


Ai 


Ao 


CS 


DRQ 


INTRO 


0 


X 


X 


X 


H 


H 




X 


X 


1 


Qn 


Qn 




0 


0 


0 


H 


Qn 




1 


1 


0 


Qn 


H 




1 


0 


0 


Qn 


Qn 




0 


1 


0 


Qn 


Qn 



X = Don't care 

Q^ = remains at previous state 

DR Q and INT RO c an be set to a logic 0 only by a low level 
or DRQCLK and INTCLK respectively. The signal will 
remain at a logic 0 until cleared by a MR or proper address 
selection via CS, A^, and Aq. 
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SPECIFICATIONS 

NOTE: Maximum ratings indicate operation when per- 
manent device damage may occur. Continuous 
operation at ttiese iimits is not intended and siiouid 
be iimited to tliose conditions specified in the DC 
Electrical Characteristics. 
STORAGE TEMPERATURE: 

PLASTIC -55°Cto -t-iaS-C 

CERAMIC -55'Cto +150°C 



^ ABSOLUTE MAXIMUM RATINGS 

O Ambient Temperature under Bias 0°Cto50°C 

^ Voltage on any pin with respect to Vss ... - 0.2V to + 7.0V 

O Power Dissipation 1 Watt 



DC Electrical Characteristics Ta = O'CtoSO'C; Vcc = -i-5V ± 10%;Vss = OV 



SYMBOL 


PARAMETER 


MIN 


TYPi 


MAX 


UNIT 


CONDITION 


V|L 


Input Low Voltage 


-0.2 






0.8 


V 




V|H 


Input High Voltage 


2.0 








V 




Vol 


Output Low Voltage 








0.4 


V 


lOL = 3.2 mA 


VOH 


Output High Voltage 


2.4 








V 


lOH = -200mA 


vcc 


Supply Voltage 


4.5 


5.0 




5.5 


V 




Ice 


Supply Current 








100 


mA 


All outputs open 


AC Electrical Characteristics Ta = O'CtoSO'C; Vcc = +5V ± 10%;Vss 


= OV 






SYMBOL 


PARAMETER 


MIN 


TYPi 


MAX 


UNIT 


CONDITION 


tPR 


WCLK FREQUENCY 








5.25 


MHZ 




tDS 


DataSetupw.r.t.iWCLK 


10 








nsec 




tDH 


Data hold w.r.t.i WCLK 


25 








nsec 




tMF 


tWCLKtotMFM delay 








210 


nsec 


Pin 1 LOW 


tPM 


iWCLKtolMFM delay 








230 


nsec 


Pin 1 LOW 


tWN 


Data delay to NOM from 
4 WCLK 








240 


nsec 




tWE 


Data delay to EARLY from 
IWCLK 








230 - 


nsec 




tWL 


Data delay to LATE from 

4 WCLK 








230 


nsec 




tMR 


Master reset pulse width 


50 








nsec 




tMD 


iMRtotDRQ 








150 


nsec 
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SYMBOL 


PARAMETER 


MiN 


TYPi 


MAX 


UNIT 


CONDITION 


tMI 


^MRtotlNTRQ 






150 


nsec 




tDQ 


DRQCLK pulse width 


50 






nsec 




t|Q 


INTCLK pulse width 


50 






nsec 




tDD 


1 DRQCLK to DRQ 






120 


nsec 




t|| 


i INTCLK to INTRQ 






120 


nsec 




tAD 


iAXtotDRQ 






145 


nsec 




tAI 


tAXtotlNTRQ 






160 


nsec 




tCD 


iCStotDRQ 






145 


nsec 




tci 


ICStotlNTRQ 






180 


nsec 




tRN 


tRWCtolNOM 






145 


nsec 




tTE 


12XDH tot EARLY 






75 


nsec 




tJN 


l2XDRtotNOM 






75 


nsec 




tTL 


i2XDR tot LATE 






75 


nsec 





NOTES: 1. Typical Values are for Ta = 25"'C and Vcc = +5.0V. 
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-*> 'fr- 'MD 
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See page 725 for ordering information. 
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Implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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Printed in U S A 



Western Digital 

WD11 00-03 AM Detector 



DESCRIPTION 

The WD11 00-03 Address Mark Detector provides an effi- 
cient means of detecting Address Mark Fieids in an MFM 
(NRZ) data stream. MFM (NRZ) clocks and data are fed to 
the device along with a window clock generated by an ex- 
ternal data separator. The WD1100-03 searches the data 
stream for a DATA = A1, CLK = OA pattern and produces 
an AM DET signal when the pattern has been found. NRZ 
data is an output from the device, which can be used to 
drive a serial/parallel converter An uncommitted latch is 
also provided for by the data separator circuitry, if required. 



The WD1100-03 Address Mark Detector is fabricated in 
NMOS silicon gate technology and is available in a 20 pin 
dual-in-line package. 

FEATURES 

• SINGLE -I- 5V SUPPLY 

• 5 MBITS/SEC DATA RATE 

• DECODES A1i6-0Ai6 

• SYNCHRONOUS CLOCK/DATA OUTPUTS 

• 20 PIN DIP PACKAGE 
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c 
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3 


18 
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c 
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17 
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1 DCLK 
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c 


10 




1 TEST 2 



CP 

rSt 



DIN 



-I-5V 


D 






> Q 
R 
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WD1 100-03 
Figure 1. Pin Connections 



WD110&03 
Figure 2. Block Diagram 
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PIN 
NUMBER 


SYMBOL 


NAME 


FUNCTION 










i 
1 

3 


DPI \C 

RCLK 


ntAU OLUL'TN 

READ CLOCK 


Complimentary clock inputs used to clock DIN and CLK IN 
into the AM detector. 


o 


niM 


RATA IMDI IT 


MFM data pulses from the external Data Separator are con- 
nected on this line. 


4 


CLKIN 


CLOCK INPUT 


MFM clock pulses from the external Data Separator are 
connected on this line. 


5 


DOUT 


DATA OUTPUT 


Data Output from the internal Data Shift register, syn- 
chronized with DCLK. 


6, 7, 13, 17 


NC 


No Connection 


To be left open by the user 


8 

11 


TEST 1 
TEST 2 


TEST1 
TEST 2 


To be left open by the user. 


9 


ENDET 


ENABLE 
DETECTION 


A logic 1 on this line enables the detection logic to search 
for a data A1 and clock. 


10 


vss 


Vss 


GROUND. 


12 


DCLK 


DATA CLOCK 


Clock output that is synchronized with DATA OUT (Pin 5). 


14 


QOUT 


LATCH OUTPUT 


Signal output from the uncommitted latch. 


15 
16 


AMDET 
AMDET 


ADDRESS MARK 
DETECT 

ADDRESS MARK 
DETECT 


Complimentary Address Mark Detector output. These 
signals will go active when a Data = Alig Clock = OAig 
pattern is detected in the data stream. 


18 


CP 


CLOCK PULSE 


A low-to-high transition on this line will cause the QOUT 
(Pin 14) to be latched at a logic 0. 


19 


RST 


RESET 


A logic 0 on this line will cause the QOUT (Pin 14) signal to 
be set at a logic 1. 


20 


vcc 


Vcc 


-f 5V ± 10% power supply input. 



DEVICE DESCRIPTION 

Prior to shifting data through the device, the internal logic 
must be initialized. While the ENDET (Pin 9) line is at a logic 
0, sh iftin g of data w ill be inhibited and AMDET, AMDET, 
CLK, and DATA OUT will remain inactive. 
When ENDET i s at a logic 1, shifting is enabled. NRZ data is 
entered on the D IN line (Pin 2) and shifted on the high-to- 
low trans ition of RCLK (Pin 1). NRZ clocks are entered on 
the CLK IN line, a nd shif ted on the high-to-low transition of 
RCLK (Pin 3). The DOUT line (Pin 5) is tied to the last stage 
of the internal Data Shift register and will reflect Informa- 
tion clocked into the DIN line delayed by 8 bits. 

While each bit is being shifted, a 16 bit comparator is con- 
tinuously checking the parallel contents of the shift 
registers for the DATA = Alie, CLK = 0Ai6 pattern. When 
this pattern Is detected, AMDE T will be set to a logic 0 and 
AMDET will be set to a logic 1. AMDET and AMDET will re- 
main latched until the device is re-lnltialized by forcing 
ENDET to a logic 0. 



When an AM i s detec ted, DCLK will begin to toggle. Data 
present on the DOUT line may then be clocked into an ex- 
ternal serial/parallel converter. DCLK will remain inactive 
when ENDET is held at a logic 0. 

An uncommitted edge-triggered flip/flop has been provided 
to facilitate the detection of high frequency by the data 
separator, but may be used for any pu rpose. The low-to- 
high tra nsition of CP (Pin 18) will set the QOUT (Pin 14) to a 
logic 0 . QO UT may be reset tjack to a logic 1 by a low level 
on the RST line (Pin 19). 

TEST1 and TEST2 are output lines. TE ST1 is an active low 
pulse when an Al-ie is detected, and TEST2 is active low 
pulse when a OA-ie is detected. These signals are 
used for test points and therefore should be left open by 
the user if not required. 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Ambient Temperature under bias 0°C to 50°C 

Voltage on any pin with respect to Vss ... - 0.2V to + 7.0V 
Power dissipation 1 Watt 



STORAGE TEMPERATURE 

PLASTIC -55°Cto +125''C 

CERAMIC -SS'Cto +150-0 

NOTE: Maximum ratings indicate operation where perma- 
nent device damage may occur. Continuous opera- 
tions at these limits is not Intended and should be 
limited to those conditions specified In the DC elec- 
trical characteristics. 



DC Electrical Characteristics Ta = O-CtoSOX; Vqc = +5V ± 10%, Vss = OV 



SYMBOL 


PARAMETER 


MIN 


TYP^ 


MAX 


UNIT 


CONDITION 


V|L 


Input Low Voltage 


-0.2 




0.7 


V 




V|H 


Input High Voltage 


2.0 






V 




Vol 


Output Low Voltage 






0.4 


V 


lOL = 3.2 mA 


VOH 


Output High Voltage 


2.4 






V 


lOH = -200/^A 


vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 




'cc 


Supply Current 






100 


mA 


All outputs open 



AG Electrical Characteristics Ta = 0°C to 50°C; Vcc = +5V ± 10%, Vss = OV 



SYMBOL 


PARAMETER 


MIN 


TYP' 


MAX 


UNIT 


CONDITION 


fRC 


RCLK Frequency 






5.25 


MHZ 




tST 


Data Setup time 


40 






nsec 




tHT 


Data Hold time 


10 






nsec 




tDD 


DOUT to DCLK DELAY 






110 


nsec 




tRD 


IRCLK tot DCLK 






120 


nsec 




tRA 


iRCLKtotAMDET 






115 


nsec 




tRM 


iRCLK toiAMDET 






125 


nsec 




tRO 


i RCLK to DOUT 






135 


nsec 




tEA 


iENDETto^AMDET 






130 


nsec 




tRQ 


iRSTtotOOUT 






110 


nsec 




tRW 


Pulse width of RSf 


50 






nsec 




tew 


CP Pulse width 


90 






nsec 




tea 


t CP to; GOUT 






106 


nsec 





NOTES: 1. Typical Values are for Ta = 25°CandVcc = + 5V. 
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ENDET 

RCLK 
DIN 

RCLK 

CXKIN 

TEST 1 
TEST 2 

AMDET 
AMDET 




(AIDET^ 



DOUT 
DCLK 



ij~Lri_riJ1i_rLR_ru 



r 




WD1100-03 
Figure 3. Functional Timing 



See page 725 for ordering information. 



Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for its use; nor for any Infringements of patents or ottier rights of third parties w/hich may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation, Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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Printed m USA 



Western Digital 

WD1 100-04 CRC Generator/Checker 



DESCRIPTION 

The WD1 100-04 CRC Generator/Checker is designed to 
(jenerate a Cyclic Redundancy Checkword from a serial 
data stream, and to check a data stream against a known 
CRC word. Complimentary latched "CRCOK" outputs are 
provided to indicate CRC errors in check mode. Additional 
logic has been Included to shift the CRC checkword out of 
the device by signals generated on other WD1100 family 
devices. 

The WD1 100-04 is fabricated in NMOS silicon gate 
technology and is available in a 20 pin dual-in-line package. 



O 



o 
o 



FEATURES 

• GENERATES/CHECKS CRC 

• SINGLE -I- 5V SUPPLY 

• LATCHED ERROR OUTPUTS 

. X16 + XI2 -I- X5 -»- 1 (CCITT-16) 

• AUTOMATIC PRESET 

• 20 PIN DIP PACKAGE 



DIN C 




20 


□ Vcc 


DOCK Q 


2 


19 


1 NC 


SHFCLK (__ 


3 


18 


1 NC 


NCC 


4 




1 NC 


NC C 


5 


16 


1 CRCOK 


CWE CI 


6 


15 


1 TIMCLK 


DOCE C 




14 


1 WCLK 


CRCIZ C 


8 


13 


1 CRCOK 


NC C 


9 


12 


1 SKPCLK 


Vss C 


10 




1 DOUT 



CRCIZ 



DOCE 



DOCK >— 



WCLK 



-0 C Q 



POLYNOMIAL GEN 



-SKPCLK 



<3C 



D Q 
Q 




CWE 



CRCOK 
CRCOK 





16 






. ^ 



TIMCLK 



WD1100-04 
Figure 1. Pin Connections 



WD1 100-04 
Figure 2. Block Diagram 
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PIN 
NUMBER 


SYMBOL 


NAME 


FUNCTION 


1 


DIN 


DATA INPUT 


Active low serial input data stream is used to 
Qenerate/check the 2 byte CRC word. 


2 


DOCK 


DATAORCRC 
WORD CLOCK 


After a byte of data has been transferred in, this input 
signal is used to latch the state of DOCE in an internal 
D flop with a high to low transition. 


3 


SHFCLK 


SHIFT CLOCK 


The falling edge shifts data bits into the CRC 
generator/checi<er. It also transfers the CRC checl< word to 
DOUT in the write mode (DOCE = LOW). The rising edge 
also activates the CRCOK lines in the read mode when no 
error is found. 


4,5 


N.C. 


NO CONNECTION 




6 


OWE 


CHECK WORD 
ENABLE 


This active low output indicates that the CRC checkword is 
being output on the DOUT line. When CWE is high, data is 
being output on DOUT. 


7 


DOCE 


DATAORCRC 
ENABLE 


Initially, this input line Is held high to direct Input data (pin 
1) to the output data (pin 1 1). After the next to the last BYTE 
Is transmitted but before the last BYTE occurs DOCE must 
be low to direct the 2 CRC check bytes to DOUT (pin 1 1). 

DOCE must be maintained low for a minimum of 2 byte 
times. DOCE is used only in the write mode. 


8 


CRCIZ 


CYCLIC 
REDUNDANCY 
CHECK INITIALIZE 


When this line is at a logic 0, the SKPCLK output line Is 
held high and the CRC generator is held preset to hex 
"FFFF." 


9 


N.C. 


NO CONNECTION 




10 


vss 


GROUND 


GROUND. 


11 


DOUT 


DATA OUTPUT 


In the write mode, this line outputs the unmodified data 
stream along with the 2 byte CRC word appended to the 
end of the stream. 


12 


SKPCLK 


SKIP CLOCK 


The first high-to-low transition on DIN (pin 1) resets 
SKPCLK low and enables the CRC to either generate or 
check the CRC word. 


13 


CROOK 


CYCLIC 
REDUNDANCY 
CHECK OKAY 


In the read mode, after the 2 byte CRC word is entered 
on DIN and no error has been detected, this line Is set 
high to indicate no errors have occurred. This line will 
then remain high as long as DIN is maintained high. 


14 


WCLK 


WRITE CLUCK 


This input clock is divided by 16 to produce TIMCLK 
(pin 15) and has no effect on the rest of the internal cir- 
cuitry. 


15 


TIMCLK 


TIMING CLOCK 


See above. 


16 


CRCOK 


CYCLIC 
REDUNDANCY 
CHECK OKAY 


Complementary output version of CRCOK (pin 13). 


17-19 


N.C. 


NO CONNECTION 




20 


VqC 


Vqc 


+ 5V ± 10% power supply input. 
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DEVICE DESCRIPTION *> a. *u ^ , *k ^ * * « 

operation. At the end of the data stream, if no errors were 

Prior to shifting data thru the device (either in the read or detected the CROOK (pin 13) is set high. Accordingiy the 

write modes) the P RO generator/checker is initialized by complimentary output (pin 16) is s et low . These output 

strobing the CROIZ (pin 8) low. This forces the SKPOLK (pin states will be maintained as long as DIN is held high and 

I^Ji'16 to the high state. The first low going transition on CRCIZ (pin 8) is not strobed. If the CROOK lines do not 

DIN (pin 1), namely the most significant bit of an address become active, an error has been detected and a re-try is in 

mark, resets the SKPCLK line. The WD1 100-04 has now order. If successive re-tries fail, an error flag may be set to 

been properly initialized and is r eady to generate/check the determine a further course of action as desired by the user. 

ORG bytes. The CRCOK and CRCOK lines should be set to y\iCLK is divided by 16 to produce TIMCLK which may be 

their inactive states. used as a buffered step clock for SA1000 compatible 

In the write mode, initially the DOCE (pin 7) is held high and drives. 

a pseudo DOCK is produced by supplying a string of zeros 

before the address mark. This ensures the proper state of SPECIFICATIONS 

t he int ernal D flip flop to gate input data to the output line .oern iiTe»AvikaiiKa datim/no 

DOUT (pin 11). As shown in the block diagram the OWE (pin ABSOLUTE MAXIMUM RATINGS 

6) will be set high. S ometime between the next to the last Ambient Temperature under Bias Cc to 50°c 

and the last DOCK that indicates the end of the data Voltage on any pin with respect to Vss .. . - 0.2V to -f- 7.0V 

stream, DOCE (pin 7) is lowered to ensure the smooth tran- Power Dissipation 1 Watt 

sition^of the 2 byte CRC checkword to the output line 

bOUT (pin 1 1). STORAGE TEMPERATURE 

DOCE must be maintained low for a minimu m of 2 byte ^t^^l"'?- 

times. After the CRC word is generated, DOUT will produce CERAMIC - SS-C to -i- ISO'C 

a string of zeros (i.e., held high). This portion of the circuitry NOTE: Maximum ratings indicate operation where perma- 
is domnant in the read mode. nent device damage may occur. Continuous opera- 
After proper initialization, input data is entered on DIN (pin tions at these limits is not intended and should be 
1) along with the 2 byte CRC word for the read mode of limited to those conditions specified in the DC Elec- 
trical Characteristics. 

DC Electrical Characteristics Ta = O'C to SO'C; Vcc = +5V ± 10%, Vss = OV 



SYMBOL 


PARAMETER 


MIN 


TYP' 


MAX 


UNIT 


CONDITION 


V|L 


Input Low Voltage 


-0.2 




0.8 


V 




V|H 


input High Voltage 


2.0 






V 




Vol 


Output Low Voltage 






0.4 


V 


IQL = 3-2 mA 


VOH 


Output High Voltage 


2.4 






V 


IQH = -20Q(.<A 


vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 




Ice 


Supply Current 






100 


mA 


All outputs open 



AC Electrical Characteristics Ta = OMoSO'C, Vqc = 5V±10%,Vss = OV 



SYMBOL 


PARAMETER 


MIN 


TYP' 


MAX 


UNIT 


CONDITION 


tWT 


tWCLKtoiTIMCLK 






95 


nsec 




IWR 


tWCLK tot TIMCLK 






85 


nsec 




tzs 


i CRCIZ tot SKPCLK 






120 


nsec 




tZK 


CRCIZ pulse width 


90 






nsec 




tBS 


DOCE set up time w.r.t. 
IDOCK 


20 






nsec 




tBH 


DOCE hold time w.r.t. 
iDOCK 


40 






nsec 




tDD 


DIN to DOUT delay 






105 


nsec 


OWE set high 
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SYMBOL 



PARAMETER 



MiN 



TYP^ 



MAX 


UNIT 


120 


nsec 




nsec 


120 


nsec 


120 


nsec 


5.25 


MHZ 


85 


nsec 


90 


nsec 


90 


nsec 



CONDITION 



tie 

tBC 

fsc 

tSR 

tsc 

t|N 



IDINtoiSKPCLK 

DIN P.W. to reset SKPCLK 



iDOCK tolCWE 



IDOCKtotCWE 



SHFCLK frequency 



tSHFCLK totCRCOK 



t SHFCLK toiCRCOK 



iDOCK to I DIN 



50 



Notes: 1. Typical values are for Ta = 25''CandVcc = +5.0V 



CRCOK 




WD110004 
Figure 3. Write Mode 



SKPCLK 
DiN 



►I I— 1[ 



WD1 100 04 
Figure 4. Initialize 



See page 725 for ordering information. 



Information furnished by Western Digital Corporation Is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license Is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 

specifications at anytime without notice. 
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Printed in U S A 



Western Digital 

WD11 00-05 Parallel/Serial Converter 



DESCRIPTION 



FEATURES 



The WD 1100-05 Parallel/Serial Converter allows the user to 
convert a byte of data to a serial stream when writing to a 
disk or any serial device. Parallel data is entered via the DO- 
D7 lines on the rising edge of DCLK. A synchronous BYTE 
counter is used to signify that 8 bits of data have been 
shifted out and that the 8 bit latch is ready to be reloaded. 
The double buffering of the data permits another byte to be 
loaded while the previous byte is in the process of being 
shifted. 

The WD1 100-05 is implemented in NMOS silicon gate 
technology and is available In a 20 pin plastic or ceramic 
dual-in-line package. 



SINGLE +5V SUPPLY 
DOUBLE BUFFERING 
BYTE STROBE OUTPUTS 
5 M BITS/SEC SHIFT RATE 
TRI-STATE OUTPUT CONTROL 
PARALLEL IN/SERIAL OUT 
20 PIN DIP PACKAGE 











DO 




20 


□ Vcc 


D1 C 


2 


19 


1 EN 


D2 


3 


18 


NC 


D3 


4 


17 


1 TEST 


D4 [Z 


5 


16 


1 BDONE 


D5 (3 


6 


15 


1 DOUT 


D6 




14 


1 SHFCLK 


D7 CZ 


8 


13 


Z] LD 


SHFCLK 1 


9 


12 


ZH WCLK 


vssc: 


10 




1 DCLK 



WD1 100-05 
Figure 1. Pin Connections 



TEST 



D Q 
8 BIT 
LATCH 

C 



BYTE 
COUNTER 



+5y 

I 0 C 



8 BIT SHIFT 
REG 



SHFCLK 
SHFCLK 



m 



J 



WD1 100-05 
Figure 2. Block Diagram 
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PIN NUMBER 


SYMBOL 


NAME 


FUNCTION 


1-8 


D0D7 


DATA 0-DATA 7 


8 bit parallel data inputs (bit 7 = IVISB). 


9 


SHFCLK 


SHIFT CLOCK 


Inverted copy of WCLK (pin 12) which is active when 
ENABLE (pin 19) is at a logic 0. 


10 


Vqq 
' oo 


GROUND 


GROUND. 


11 


DCLK 


DATA CLOCK 


Active low input signal resets the BDONE (pin 16) iatch. 
The low-to-high (trailing edge) clocks the input data into the 
internal 8 bit latch. 


12 


WCLK 


WRITE CLOCK 


The high-to-low (i) edge of this clock signal is used to shift 
the data out serially. The low-to-high (t) edge is used to up- 
date the internal byte counter (module 8). 


lO 


LU 


1 HAH 


This active low signal indicates that the Byte Counter is be- 
ing preset to 1. Normally left open by the user. 


14 


SHFCLK 


SHIFT CLOCK 


Delayed copy of WCLK (pin 12) which is active when EN 
(pin 19) is at a logic 0. 


15 


DOUT 


DATA OUT 


Serial data output enabled by EN (pin 19). 


16 


BDONE 


BYTE DONE 


This output signal is forced to a logic 1 whenever 8 bits 
of data have been shifted out. BDONE remains in this 
state unless reset by the loading of another byte of 

data. 


17 


TEST 


TEST INPUT 


This pin must be left open by the user 


18 


NC 


Kin f^^^nnor'tinn 

l^\J wLII II iCUllUi 1 




19 


EN 


ENABLE 


This active low signal enables DOUT, SHFCLK, 
SHFCLK, and BDONE outputs. When high, these out- 
put signals are in a high impedance state. 


20 


vcc 


Vcc 


-h5 ± 10% power supply input. 



DEVICE DESCRIPTION 

Prior to loading the WD1 100-05, it is recommended that 
OOH (or FF) be loaded into the input buffers to ensure that 
DOUT is at a fixed level. EN (pin 19) is set to a logic 0 to 
enable the device outputs. 

Data is entered on the D0-D7 input lin es and is strob ed into 
the data latches on the rising edge of DCLK (pin 11). DCLK 
also resets BDONE (pin 16). The first BDONE that comes 
up simply means that the WD1 100-05 is ready to accept 
another byte of data and that the previous byte entered is in 
the process of being shifted out. If the BDONE is serviced 
prior to every 8th WRITE CLOCK pulse the output data will 
represent a contiguous block of the bytes entered. Due to 
the asynchronous nature of the WD1 100-05, the input data 
will be available in serial form at the output anywhere from 
8 to 16 write clock cycles later. 

Data is shifted out on the high-to-low (I) transit ion of t he 
WCLK (pin 12). The low-to-high (t) transition of WCLK in- 
crements a byte counter which in turn sets the BDONE 
signal high after 8 bits of data have been shifted out. The 
low-to-high transition of BDONE also causes the loading of 
the data buffer into the shift register The data buffer is now 
ready to be reloaded with the next byte. 

The loading of the next byte automatically clears the 
BDONE signal. The entire process as outlined above is 
repeated. BDONE always needs to be serviced within 8 



WCLK cycles unless the next byte to be transmitted is the 
same as the previous byte. 

Four signals, BDONE, DOUT, SHFCLK^ and SHFCLK, can 
be placed in a high impedance state by setting EN (pin 19) 
to a logic 1. Likewise, EN must be at a logic 0 in order for 
these signals to drive any external device. 
The TEST pirns internally OR'ed with the counter output to 
produce the LD (pin 13) signal. This is used to inhibit the bit 
counter by ex ternal means for test purposes. It is recom- 
mended that TEST be left open by the user An internal 
pullup register is tied to this pin to satisfy the appropriate 
logic level required for proper device operation. 

SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Ambient Temperature under Bias 0°C to 50°C 

Voltage on any pin with respect to Vss ■ ■ • - 0.2V to -i- 7.0V 

Power Dissipation 1 Watt 

STORAGE TEMPERATURE 

PLASTIC -SS'Cto -)-125°C 

CERAMICS -55"'Cto -f ISCC 

NOTE: Maximum ratings indicate operation where perma- 
nent device damage may occur Continuous opera- 
tions at these limits is not intended and should be 
limited to those conditions specified in the DC elec- 
trical characteristics. 
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DC Electrical Characteristics: Ta = 0°Cto50''C; Vcc = +5V ± 10%,Vss = OV 



SYMBOL 


PARAMETER 


MIN 


TYP' 


MAX 


UNIT 


CONDITION 


V|L 


Input Low Voltage 


-0.2 




0.8 


V 




VOH 


Input High Voltage 


2.0 






V 




Vol 


Output Low Voltage 






0.4 


V 


Iql = 3.2 mA 


VOH 


Output High Voltage 


2.4 






V 


IQH = - 20(VA 


vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 




•cc 


Supply Current 






100 


mA 


All Outputs Open 


AC Electrical Characteristics: Ta = 0°Cto50°C; Vcc = +5 ± 


lU /o, Vg^ 


— n\/ 






SYMBOL 


PARAMETER 


MIN 


TYP' 


MAX 


UNIT 


CONDITION 


fwc 


WGLK frequency 






5.25 


MHZ 






DCLK pulse width 


50 






nsec 




tDS 


Data set-up w.r.t. t DCLK 


30 






nsec 




tDH 


Data hold time w.r.t. t DCLK 


30 






nsec 




tDB 


iDOLK tolBDONE 






130 


nsec 


EN= 0 


too 


I WGLK to DOUT 






130 


nsec 


EN= 0 


tSH 


iWCLK toiSHFGLK 






75 


nsec 


EN = 0 


tHS 


t WGLK tot SHFGLK 








nsec 


CM — n 


tWB 


tWGLK tot BOONE 


75 




180 


nsec 




tES 


iENto BDONE.DOUT 
SHFGLK ACTIVE 






25 


nsec 




tCL 


t WGLK to ir LD 






50 


nsec 





NOTES: 1 . Typical Values are for Ta = 25 °G and Vcc = + 5.0V 



7 a 1 2 3 4 5 6 7 



WGLK 
DCLK 



D7-D0 L 



BONE 
LD 

EN 

DOUT 




siHFCLK [riii n_rxjT_rt. 

SHFELKC LI 



WD1100-05 
Figure 3. Functional Timing Diagram 
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Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by 
Implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 

specifications at anytime without notice. 
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Printed in USA 



Western Digital 

WD1 100-06 ECC/CRC Logic 



DESCRIPTION 

The WD1 100-06 ECC/CRC logic chip gives the user of 
the WD1100 series of chips easy ECC or CRC imple- 
mentation. With proper software, it will provide single 
burst correction up to 8 bits and double burst detec- 
tion. The computer selected polynomial has been op- 
timized for Winchester 5 V4 " and 8" drives with sector 
sizes up to 512 bytes. 



FEATURES 

32 bit computer selected polynomial 
Single burst correction up to 8 bits 
Multiple burst detection 
Programmable correction/detection span 
CRC or ECC software selectable 
Data transfer rates to 5.25 M bits/sec 
Serial check/syndrome bit processing 
128, 256, 512 byte sector sizes 
Single -»-5V supply 
TTL, MOS compatible 
20 pin DIP package 



O 

o 
o 



R/w| 


1 


20 


RCPQ 


2 


19 


W(5pCI 


3 


18 


RDAT d 


4 


17 


WDAT^ 


5 


16 


selC 


6 


15 


ECCIZ 1 


7 


14 


NCC 


8 


13 


ECCEN 


9 


12 


vssC 


10 


11 



□ Vcc 

I wis 

I RBS 

I DCSS 



EDOUT 



jDOUT 
I FBD 
|CSE 
I B§ 



RWCP 



BEL 
ECCiZ 
DCSS 

R/W 



RCP 
WCP 
RDAT 
WDAT 
RBS 
WBS 



>-0 
»-0 



MUX 



CONTROL 



0-»' dout 



EDOUT 
CSE 
BS 

D-H*> ECCEN 
FBD 



RWCP 



SHIFT REGISTER 
Do Q31 



WD1100-06 Figure 1. 
PIN CONNECTIONS 



WD1100-06 Figure 2. 
BLOCK DIAGRAM 
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WD1 100-06 ECC/CRC DEVICE PIN DESCRIPTION 



PIN 
NUMBER 


PIN NAME 


SYMBOL 


FUNCTION 


1 


READ/WRiTE 


R/W 


Input line used to select the data, clock and 
CRC/ECC strobe during read/write operations. 
When low input signals WDAT, WCP, and WBS 
are selected. When high input signals RDAT, 
RCP, and RBS are selected. 


2 


READ CLOCK 

PI II QP 


RCP 


Input pulse used by the internal shift registers 

TO CUlIipUiQ lllo 4 Syi lUiOlllo Uyico. 


3 


WRITE CLOCK 
PULSE 


WCP 


Input pulse used by the internal shift registers 
to compute the 4 check bytes. 


4 


READ DATA 


RDAT 


Serial data input during a read operation. 


5 


WRITE DATA 


WDAT 


Serial data Input during a write operation. 


6 


SELECT 


SEL 


This input is used to select either the CRC or 
the ECC polynomial for error detec- 
tion/correction. SEL = 0 ECC polynomial 
selected. SEL = 1 CRC polynomial selected. 


7 


ECC INITIALIZE 


ECCIZ 


Input used to preset all the internal shift 
registers. Output lines FBD, EDOUT, DOUT, and 
CSE will be in their inactive high states. The 
first low going edge of either RDAT or WDAT 
signals the activation of all internal circuitry. 


8 


NO CONNECTION 


N/C 


No connection. 


9 


ECC ENABLE 


ECCEN 


When low, the ECC/CRC process is enabled. 
When high, this output signal indicates that the 
process is disabled. 


10 


GROUND 


vss 


Ground 


11 


READ/WRITE 
CLOCK PULSE 


RWCP 


Output clock pulse during read or write 
operations. The input clock pulses RCP and 
WCP are multiplexed on this output line for use 
by any support logic. 


12 


BYTE SYNC 


BS 


The input signals RBS and WBS are gated with 
the appropriate clocks and multiplexed as an 
output on the byte sync line. Normally not used 
by the user. 


13 


CLOCK SELECT 
ENABLE 


CSE 


When high, this output indicates that the device 
Is in the process of computing the 
check/syndrome bytes and that EDOUT and 
DOUT lines contain data information. When 
low, the device puts CRC or ECC check/syn- 
drome bits on the output data lines. 


14 


FEEDBACK 


FBD 


The feedback line to the shift registers is 
brought out as an output line for test purposes. 
Normally left open by the user. 


15 


DATA OUTPUT 


DOUT 


Output data line carries data or CRC/ECC in- 
formation depending upon the state of DCSS. 


16 


EARLY DATA 
OUTPUT 


EDOUT 


Unlatched output data line available 1 clock 
period eariierthan DOUT. 
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WD1 100-06 ECC/CRC PIN DESCRIPTION (CONTINUED) 



PIN 
NUMBER 


PIN NAME 


SYMBOL 


FUNCTION 


17 


DATA/CHECK 
SYNDROME SELECT 


DCSS 


Data or check/syndrome select input line. When 
high, data is output on the data lines; when low, 
ORG or check syndrome bits are output 
depending upon which polynonnial is selected. 
DCSS goes low sometime between the last and 
the next to the last data byte transferred to/from 
the disk provided all set-up and hold-times have 
been met. DCSS must stay low for at least 2 
byte times when the CRC polynomial selected 
and it must stay low for at least 4 byte times if 
the ECC polynomial is selected. 


18 


READ BYTE 


RBS 


Input used to latch the state of DCSS during the 
read mode. 


19 


WRITE BYTE 


WBS 


Input used to latch the state of DCSS during the 
write mode. 


20 


+ 5V 


vcc 


-J-5V ±10% 



DEVICE DESCRIPTION 

To e nsure c orrect operation of the WD1 100-06 device, 
the ECCIZ line is strobed to preset the polynomial 
generator shift register, and reset the Data/Check- 
Syndrome select flip-flop. The 32 bit shift register 
string is preset to avoid all zero check bytes. The 
DCSS line is held high and appropriate signals are 
then applied to the rest of the inputs. Since most disk 
media use an Address mark of A1 (or M.S.B. set), 
advantage is taken of this feature to start off the 
ECC/CRC calculation on the data/ID fields automati- 
cally. The first active low going edge on the input 
data lin es releases the internal SET Flip-Flop. The 
ECCEN output line is set low indicating that the 
internal circuitry is ready to begin the computation of 
the ECC/CRC bytes. Immediately following the 
Address mark, data is supplied in a serial fashion. 

Sometime before the last byte of data and after the 
next to the last byte of data is transferred through 
this device, the DCSS line is set low. Since data is 
generally serialized/deserialized before/after process- 
ing by the WD1 100-06 device, the byte-sync pulses 
can be easily obtained from those devices marking 
the byte boundaries. The byte-s ync pulses are inter- 
nally ANDED with the RWCP line to ensure the 
smoot h transition of check/syndrome bytes on the 
DOUT output line only after the last bit of data has 
been entered into the device. A one bit time delay 
through a D Flip-Flop has been added on the DOUT 
line to deglitch this output line. 

During a WRITE operation, the input data stream is 
divided by the polynomial X32 + x28 + x26 + x19 
+ x17 + x10 -J- X2 + 1 and the 32 bit remainder ob- 
tained is used as the 4 check syndrome bytes. If the 
syndrome is zero, no errors occurred. Othenwise, the 
non-zero syndrome is used by a software algorithm to 
compute the displacement and the error vector 



within the bad sector. To protect the integrity of the 
ID field only a CRC check should be performed over 
this field. No attempt ought to be made to correct 
data in the ID field. The CRC polynomial imple- 
mented is the standard CCITT(Xl 6 + X12 + x5 -h 1.) 
Although either polynomial may be used for both 
fields, the use of the CRC polynomial for the ID fields 
is recommended since it only requires 2 bytes in- 
stead of 4. 

POLYNOMIAL SELECTION 

For disk media, polynomial selection has a signifi- 
cant Influence on data accuracy. Fire code 
polynomials have been widely used on OEM disk 
controllers, but provide less accuracy than properly 
selected computer generated codes. 

For fixed, guaranteed correction and detection 
spans, data accuracy may be highly dependent on 
polynomial selection. Some polynomials, fire codes 
for example, are particularly susceptible to miscor- 
rection on common disk type errors, while others, 
computer generated polynomials for example, can be 
selected to be less susceptible. Computer generated 
codes do not have the pattern sensitivity of the fire 
code and the miscorrection patterns are more ran- 
dom in nature. 

More than 20,000 computer generated random 
polynomials of degree 32, each with 8 feedback 
temns, were evaluated in order to find the polynomial 
described in this specification. 

SELECTING THE CORRECTION SPAN 

The code described in this document can be used to 
correct up to 8 bits. 

Any correction span from 1 to 8 may be selected. 
However, for best data accuracy, the lowest correc- 
tion span should be used that meets the correction 
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requirements for the disk drives supported. 

<j For most Winchester media, a 5 bit correction span is 

^ adequate. 

^ The correction span may have to be longer if the drive 

Q uses a read/write modulation method that maps a 

p single media bit in error into several decoded bits in 

O error. Examples of read/write modulation methods of 

^ this type would be GCR and 2,7 code. 

PROPERTIES OF THE POLYNOMIAL 

The following polynomial was computer selected for 
insensitivity to short double bursts, good detection 
span and 8 feedback terms. 

Forward polynomial is: 

X32 + x28 + x26 + x19 + X17 + X10 + X6 + X2 
+ 0 

Reciprocal polynomial is: 

X32 + x30 + X26 + x22 + X15 +x13 + x6 + X4 

+ xo 

Properties* 

1. Maximum record length (f) = 526x8 bits (including 
check bits) 

2. Maximum correction span (b) = 8 bits 

3. Degree of polynomial (m) = 32 

4. Single burst detection span without correction = 
32 bits. (Detection span when the code is used for 
detection only) 

5. Single burst detection span with correction (d) — 
(Detection span when the code is used for correc- 
tion) 

= 1 9 bits f or b = 5 and r = 526x8 
= 1 4 bits f or b = 8 and r = 526x8 
= 20 bits f or b = 5 and r = 270x8 
= 14 bits for b = 8 and r+ 270x8 

6. Double burst detection span without correction — 
(Doule burst detection span when code is used for 
correction) 

= 3 bits for b = 5 and r = 526x8 
= 2 bits for b = 8 and r = 526x8 
= 4 bits for b = 5 and r= 270x8 
= 2 bits for b = 8 and r = 270x8 

7. Non-detection probability = 2.3 E-10. 

8. Miscorrection probability— 

= 1 .57 E-5 f or b = 5 and r = 526x8 
= 1 .25 E-4 f or b = 8 and r = 526x8 
= 8.00 E-6 f or b = 5 and r = 270x8 
= 6.40 E-5 f or b = 8 and r = 270x8 

NOTE:* 

You should not use this polynomial for a record 
length or correction span beyond the maximum 
specified above. 



SOFTWARE REQUIREMENTS 

The software algorithm, developed by the user, uses 
the syndrome to detect an error, generate a correc- 
tion pattern and a displacement vector or to deter- 
mine If uncorrectable. In the correction algorithm, a 
simulated shift register is used to implement the 
reciprocal polynomial. The simulated shift register is 
loaded with the syndrome and shifted until a correct- 
able pattern is found or the error is determined to be 
uncorrectable. Both fonward and reverse displace- 
ments are computed. 

Either the serial or the parallel algorithm may be 
implemented by the user. In almost all cases the 
serial software algorithm is the most applicable. 
Additionally, IK of table space is required if the 
parallel software algorithm is selected. It is assumed 
that the highest order bit of a byte is serialized and 
deserialized first. 

CORRECTION TIME PERFORMANCE 

All real time operations are performed with error cor- 
rection hardware. The software algorithms used get 
involved only after an error has been detected. 

The following correction times are for a serial type 
algorithm such as that used on the WD1001: 

a) Standard microprocessor = 30 to 60 milliseconds 

b) Bit slice = 6 to 12 milliseconds 

c) 8X300 (used on WD1 001) = 15 to 30 milliseconds 

DATA ACCURACY 

ERR (Error Recovery Procedure) strategies have a 
significant influence on data accuracy. An ERR 
strategy requires data to be re-read before applying 
correction and results in much better data accuracy. 
The WD1001 employs such a strategy. This strategy 
reduces the possibility of passing undetected erron- 
eous data by rereading until the error goes away, or 
until there has been a consistant error syndrome over 
two previous rereads. 

Another technique that can be used to give data a 
higher probability of recovery is write check: read 
back after write. Since write check affects per- 
formance, it should be optional. Alternate sector 
assignment and defect skipping are some of the 
other techniques that may be implemented by the 
user if so desired 
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SELF-CHECKING WITH MICROCODE 

Periodic microcode and/or software cliecking is 
another approach that can be used to limit the 
amount of undetected erroneous data transferred in 
case of an EGG circuit failure. Microcode or software 
diagnostics could be run on subsystem power up 
and during idle times. These diagnostics would force 
EGG errors and check for the proper syndrome and 
proper decoding of the syndrome by the correction 
routine of the operational microcode. 

To do this, simply use a long bit in the READ and 
WRITE commands to the disk. This bit can then be 
used to suppress the transfer of check/syndrome 
bytes on the output data line by letting the DOSS line 
stay high during EGG TIME. The complete procedure 
is summarized below. 

1. WRITE: Pass all data to the disk and generate 4 
check bytes at the end of the data field. 

2. READLONG: Do not generate the syndrome, in- 
stead copy the 4 check bytes as data and pass 
them unaltered to the host. Now the host may in- 
duce errors anywhere in the data stream as long as 



the induced error does not exceed the correction 
span of the polynomial generator. ^ 

3. WRitELONG: Write the data and check bytes O 
supplied by the host to the disk. Prevent WD1 100- ^ 
06 from generating check bits by not asserting CD 
DGSS during transfer. No check bytes will be ^ 
recorded. § 

4. READ: Read data and generate the syndrome in a 
normal manner. The software algorithm can now 
be invoked to correct the induced error. 

To aid in detection of certain hardware failures, it is 
desirable to have non-zero check bytes for an all 
zeros record. This feature has been incorporated into 
the circuit defined in this specification. 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Ambient Temperature under bias 0°C to 50°C 

Voltage on any pin with 

respect to Vss - 0.2V to + 7.0V 

Power dissipation 1 Watt 

storage Temperature 

Plastic -55°Cto +125''C 

Cei-amic - 55°C to + 150°C 



NOTE: 

Maximum ratings indicate operation where per- 
manent device damage may occur. Continuous 
operations at these limits is not intended and should 
be limited to those conditions specified in the DC 
electrical characteristics. 



DC Electrical Characteristics Ta = CCtoSOX; Vqc = +5V ± 10%, Vss = OV 



SYMBOL 


PARAMETER 


MIN 


TYPi 


MAX 


UNIT 


CONDITION 


V|L 


Input Low Voltage 


-0.2 




0.8 


V 




V|H 


Input High Voltage 


2.0 






V 




Vol 


Output Low Voltage 






0.4 


V 


Iql = 3.2 mA 


VOH 


Output High Voltage 


2.4 






V 


lOH = -200mA 


vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 




Ice 


Supply Current 




75 


150 


mA 


All outputs open 



R/W 



ECCIZ PULSE WIDTH 



HIGH FOR READ 



LOW FOR WRITE 



ECCIZ ^ -UZ 



ECCEN 



RDAT ■ 
WDAT 



tST 



-Tht 



RCP 
WCP 



J I 



J — L 



'CP 



AC Electrical Characteristics Ta = 0°C to50°C; Vqc =^ +5V ± 10%, Vss 



SYMBOL 


PARAMETER 


MIN 


TYP^ 


MAX 


UNIT 


CONDITION 


fCP 


Clock Frequency 






5.25 


MHZ 




tiz 


ECCIZ Pulse Width 


50 






nSec 




t|E 


ECCIZ 1 to ECCEN t 






100 


nSec 




tST 


R/WDAT Setup Time 


50 




1 Clock 


nSec 










Period 






tHT 


R/WDAT Hold Time 


0 






nSec 





See page 725 for ordering information. 
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Western Digital 

WD1 100-07 Host Interface Logic 



DESCRIPTION 

The WD1 100-07 Host Interface Logic chip simplifies 
the design of a Winchestei" Hard Disk Controller 
using the WD1100 chip series. It does this by per- 
forming logic functions that would othenwise require 
considerable discrete logic. Additionally, there are 
signals provided for ECC implementation. 

The WD1 100-07 is implemented in NMOS silicon gate 
technology and is available in a 20 pin plastic or 
ceramic Dual-in-Line package. 



FEATURES 

SINGLE +5y SUPPLY 
WAIT SIGNAL GENERATION 
TIMING CLOCK GENERATION 
INDEX PROPAGATION 
CARD ACCESS CONTROL 
COMPLIMENTS ECC ARCHITECTURE 
20 PIN DIP PACKAGE 




SACEN CI 



AMDET CZ 
TIMCLK C 
RCLK C 
INDEX CI 
ONR Q 

VssC 



□ vcc 

□ WCLK 
ZJCS 

□ WHER 
Zl RCP 

m rbs 

ZJ AMOUT 
Z3 CSAC 
ZJ WATT 
U LINDEX 



RD6 



WR6 



WAEN |»- 
CS ► 



SACEN 



WGLK 



RESET )► 
WR3 ► 



INDEX 



RCLK }^ 



AMDET ► 



CONTROL 
LOGIC 



WAIT 



CSAC 



+ 16 

3r- 



TIMCLK 



1 



— D 
<> 



S 

LATCH 

R 



LINDEX 



BYTE COUNTER 
AND 
DELAY 



RBS 
-► RCP 

AMOUT 



WD1 100 07 Figure 1. 
PIN CONNECTIONS 



WD1 10007 Figure 2. 
BLOCK DIAGRAM 



69 



PIN 
NUMBER 



PIN NAME 



SYMBOL 



FUNCTION 



9 
10 
11 

12 



13 

14 

15 

16 

17 

18 
19 

20 



WAIT CLEAR 1 



WAIT CLEAR 2 



RESET 



SELECT A DDRESS 

ENABLE 

ADDRES S MARK 
DETECT 



TIMING CLOCK 
READ CLOCK 

INDEX PULSE 

LINDEX RESET 
GROUND 
LATCHED INDEX 



WAIT 



CARD SELECT 

ADDRESS 



ADDRESS MARK 
DELAYED OUTPUT 
READ BYTE STROBE 



READ CLOCK PULSE 



WAIT ENABLE 

CARDSELECT 
WRITE CLOCK 

+ 5VDC 



WCL1 

WCL2 

RESET 

SACEN 

AMDET 

TIMCLK 
RCLK 

INDEX 

Onr 
vss 

LINDEX 



WAIT 

CSAC 

AMOUT 

RBS 

RCP 

WAEN 

cs 

WCLK 
VCC 



This input presets a WAIT latch to a non-WAIT 

condition on the falling edge. 

This input presets a WAIT latch to a non-WAIT 

condition on the falling edge. 

An inpu t used to set TIMCLK & reset WAIT, 

AMOUT and RBS. 

This is an input signal that is used to enable 
card select for host access. 
An input that must go active when a 
DATA = A1(HEX) or clock = OA(HEX) pattern Is 
detected In the data streann 
An output used to provide reference timing sig- 
nals to SA100 type drives 
This input, the same as used to clock in data 
and clo cks to t he AM detector, is used to 
produce AMOUT. 

This input is provided by the drive once each 

revolution of the disk 

An input used to reset LINDEX. 

Ground 

An output that is INDEX delayed by one clock 
time. 

This output goes true when controller is inter- 
nally accessing data or has not accepted data 
from the host during a WRITE. 
An outp ut that is the result of CS qualified with 
SACEN. 

This output is a delayed version of AMDET. 

This output strobe s once f or each byte of READ 
data. Initialized by AMDET. 
This output is delayed from RCLK through prop- 
agation. Not normally used. 
An input that is used to enable the internal 
WAIT circuitry. 

An input from host that selects controller. 
This input is used to produce TIMCLK on low to 
high transitions. 
-I-5V ± 10% 



DEVICE DESCRIPTION 

Upon power up or reset, WAIT, AMOUT, and RBS are 
reset and TIMCLK is set. This is the only interactive 
signal between the four sections of the chip. Each 
section will be described separately 

Control Logic 

Thi s sect ion provides WAIT (pin 12) and CS AC (pin 
13). WAIT is set in its active low state when WAEN 
(pin 1 7) is active low by the falling edge of CS ( pin 1 8). 
WAIT is reset by the failing edge of either WCL1 or 
WCL2 depending on whether in a read or write mode. 
CSAC (pi n 13) is enabled by setting SACEN (pin 4) 
low a fter WAIT has been enabled. CSAC is reset by 
WCL1 orWCLZ 



Timing Clock 

TIMCLK (pin 6) is a divided by sixteen version of 
WCLK (pin 19). It is used with SA1000 type drives. 

Index Pulse 



Lindex (pin 11) is a delayed versi on of INDEX (pin 8). It 
remains high until reset by LINR (pin 9). 

Read Byte Sync 

RBS (pin 15) will go true on the e ighth ne gative going 
trans ition of RCLK (pin 7) after AMDET (pin 5) goes 
true. RBS will remain true for one clock cycle. 

Read Clock Pulse 

RCP (pin 16) is a delayed version of RCLK and is 
normally left open by the user 
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Address Mark Delayed Output 

AMOUT (pin 14) is tlie same as AMDET delayed by 
two clocl<; times. 

These circuits were developed to work with the other 
chips in the WD1100 series. They are used on the 
WDIOOl the timing relationships must be observed. 

SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Ambient Temperature under Bias CC to SO'C 

Voltage on any pin with 

respect to Vss - 0.2V to + 7.0V 

Power Dissipation 1 Watt 

Storage Temperature Plastic - 55°C to + 125°C 
Ceramic - 55°C to + ISO'C 



NOTE: 

Maximum ratings indicate operation when perma- 
nent device damage may occur. Continuous opera- 
tion at these limits is not intended and should be 
limited to those conditions specified in the DC Elec- 
trical Characteristics. 



DC Electrical Characteristics Ta = OXtoSO^C; Vcc = +5V ± 10%; Vss = OV 



SYMBOL 


PARAMETER 


MIN 


TYPi 


MAX 


UNIT 


CONDITION 


V|L 


Input Low Voltage 


-0.2 




0.8 


V 




V|H 


Input High Voltage 


2.0 






V 




Vol 


Output Low Voltage 






0.4 


V 


lOL = 3.2mA 


VOH 


Output High Voltage 


2.4 






V 


lOH = -200mA 


vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 




'CO 


Supply Current 






100 


mA 


All outputs open 



AC Electrical Characteristics Ta = 0''Cto50X; Vcc = +5V ± 10%;Vss = OV 



SYMBOL 


PARAMETER 


MIN 


TYPi 


MAX 


UNIT 


CONDITION 


fwc 


WCLK FREQUENCY 






5.25 


MHZ 




tew 


CSitoWAm 




50 


160 


nSec 




tws 


WCLIi or WCL24 to WAITt 




170 


195 


nSec 




tsu 


WAEN Setup Time 


50 






nSec 




tsc 


SACEN^oCSACt 




5 


70 


nSec 


WAIT TRUE 


tcs 


WCLIi or WCL2i to CSACi 




45 


155 


nSec 


Wait TRUE 


tWT 


WCLKttoTIMCLKt 






250 


nSec 




tLI 


INDEXlto LINDEXt 




50 


100 


nSec 




tLW 


LINRito LINDEXi 




30 


100 


nSec 




tpc 


RCLKItoRCPi 




30 


75 


nSec 




tRA 


AMDET Setup Time 


30 


50 




nSec 




tAM 


AMDETItoAMOUTI 




2 CLOCK 
CYCLES 


2 CLOCK 
CYCLES 
+ 45 


nSec 




tBS 


RCLKi to RBSl 




8 CLOCK 
CYCLES 


8 CLOCK 
CYCLES 
+ 165 


nSec 

k 




tRB 


RBS Period 




1 CLOCK 
CYCLE 









1 NOTE: Typical Values are for Ta = 25'*C and Vqc = +5V 
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WAEN 



CS 



WAIT 



tsu- 



tew 



~ r 

1 



tws-^ 



WCL1 orWCL2 





1 

1 




tsc— w 


1 ' 


1^ 



CSAC 



WCLK 



TIMCLK 



n 



tWT- 



*WC 



INDEX 
LINDEX 



tLI- 



<LW-*1 



RCPrixTJiJij~Lrijnj~LJXj~L_rLn_n 



RCLK 



AMDET 



AMOUT 



RBS 



r^*AM-»i 



tBS- 



^tRB•^ 



See page 725 for ordering information. 
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Western Digital 

WD1 100-09 Data Separator Support Logic 



GENERAL DESCRIPTION 

The WD1 100-09 Data Separator Support Logic, when 
used with the other chips in the WD1100 series, 
greatly reduces the external discrete logic required to 
design a Winchester hard disk data separator. The 
chip provides the pump signals to an external error 
amplifier, control signals to an internal bus and a 
special drive selection signal also to an internal bus. 

The WD1100-og is fabricated In NMOS silicon gate 



technology and is available in a 20 pin plastic or 
ceramic package. 

FEATURES 

• SINGLE +5V SUPPLY 

• DRUN GENERATION 

• DATA SEPARATION CONTROL SIGNALS 

• 20 PIN DIP PACKAGE 



o 

CO 



DATA £2 
REFd 
DIN CZ 

oscC 

DRS1 C 
HTFR(3C 
DRS2CI 

drunC 
doutC 

vssC 



□ vcc 

RGATE 

□ DMR 

□ dRS4 



WRTi 
□|DRS3 

ZIds 

m WDAT 
I3D0WN 

□ up 




WRITE 
REF >• 



WD110(M)9 Figure 1. 
PIN CONNECTIONS 



WD1 100-09 Figured 
BLOCK DIAGRAM 
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PIN 








NUMBER 


PIN NAME 


SYMBOL 


FUNCTION 


1 


READ DATA 


DATA 


Input that is used in DRUN generation. 


2 


REFERENCE 


REF 


An input that is 2 times the data rate that keeps 
the VCO on center frequency during non-read 
times. 


3 


DELAYED DATA IN 


DIN 


This input is a delayed version of DOUT. An 
external delay line is used. The signals are 
compared to provide pumps. 


4 


OSCILLATOR 


OSC 


An input from the external VCO that is used in 
pump development 


5, 7, 


DRIVE SELECT 1- 


DRS1- 


Input signals indicating which drive has been 


15,17 


DRIVE SELECT 4 


DRS4 


selected. 


6 


HIGH FREQUENCY 


HIFRQ 


Output to controller microprocessor that in- 
dicates 16 ones or zeros have been entered on 
the DATA line. 


8 


DATA RUNNING 


DRUN 


Output that indicates to the controller 
microprocessor the completion of 16 ones or 
zeros on the data line. Used to switch from REF 
to DATA via firmware. 


9 


DATA OUT 


DOUT 


Output data line. Can be REF or DATA or WDATA 
depending on the condition of WRITE, DMR and 
RGATE. 


10 


GROUND 


vss 


Ground 


11 


UP PUMP 


UP 


An output that indicates REF is leading DATA. 
Goes to error amp. Open collector. 


12 


DOWN PUMP 


DOWN 


An output that indicates DATA is leading REF. 
Goes to error amp. Open collector. 


13 


WRITE DATA 


WDATA 


MFM Write data input. Output appears at DOUT. 


14 


DRIVE SELECTED 


DS 


An output that indicates that one of four drives 
have been selected. 


16 


WRITE MODE 


WRITE 


This input is active during a write operation and 
enables WDAT 


18 


DATA MASTER 
RESET 


DMR 


This input is used to provide time-out for DRUN 
and HIFRQ in the event that 16 ones or zeros are 
not present. 


19 


READ GATE 


RGATE 


This input, usually provided by the controller 
microprocessor, places chip in read mode. 


20 


+ 5VDC 


vcc 


-I-5VDC ± 10% 



DEVICE DESCRIPTION 

The WD1 100-09 is divided into three sections. Each 
section will be described separately 

Drive Select Logic 

DS (pin 14) w ill go active high if any input DSR1 
through DRS4 (pins 5, 7, 15, 17) are active low. 

Pump Logic 

Internal logic causes the UP (pin 11) and the DOWN 
(pin 12) to be set, initially to their inactive states. DIN 
(pin 3) is the delayed data developed by passing 
DOUT through a delay line. OSC (pin 4) is the output 
of the data separator VCO. Whichever reaches the 
pump logic first will determine whether UP PUMP or 
DOWN PUMP is produced. These signals are then 
sent to an external error amplifier and used for VCO 
correction. During a write, the DIN must be locked to 



a crystal oscillator clock and will hold the VCO on 
frequency 

Data Separator Control Logic 
Read Mode 

In order to prevent the external VCO from locking 
onto a harmonic of its operating frequency, REF (pin 
2) is provided with a si gnal twic e the data rate that is 
crystal controlled. With WRITE (pin 6) and RGATE (pin 
19) inactive, this signal will appear at DOUT (pin 9). 
This signal is applied to the pump logic (see above). 

The switching function is initiated immediately after 
RGATE goes true. DMR (pin 18) will be set active as a 
result of high frequency pulses applied to an external 
one shot whose pulse width is such that its output is 
a single stretched pulse. The high frequency pulses 
are applied to the DATA (pin 1) line and a fter 16 
consecutive pulses, DRUN (pin 8) and HIFRQ (pin 6) 
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go true. At this point REF is switctied out and tlie 
DATA s tream Is switched in and appears at DOUT. 
DRUN is reset when RGATE goes inactive and 
l■^^FRQ goes inactive when DIVIR goes inactive. 



Write Mode 



When WRITE (pin 16) goes active, REF is switched 
out and WDAT (pin 13) will appear at DOUT. Since 
WDAT is a crystal controlled signal (usually the MFM 
write data); the VCO is held locked and will not drift 
(see pump logic above). 



a 



o 
o 

o 

CO 



READ MODE 



DMR 



DATA , 



AnnnrLnnnjinnmrimxrumn^ 

tDD 'r*- ' 



DRUN 



RGATE 



4 ( 



tHD 



-*>^ [-*• tDR 



HIFRQ 



DOUT 



U REF— ^ DATA REF 

JuinnnnnjinnnnnnfuinmnnnnnnnjL^ 



fRE 



WRITE 



WRITE MODE 
DMR 



DATA 



DRUN 



HIFRQ 



WRITE I 

\^ REF DATA »-| 

oouT injimnnnnn_riJiiiJL_rLJLJLJiJirL_: 



AC Electrical Characteristics Ta = 0°Cto50°C; Vcc = +5V ± 10%;Vss = OV 



SYMBOL 


PARAMETER 


MIN 


TYPi 


MAX 


UNIT 


CONDITION 


tDD 


DATAl to DRUN4 






170 


nSec 




tDR 


RGATE4 toDRUNt 






90 


nSec 




tHD 


DMRItoHIFRQt 




2 TIMES 
DATA RATE 


90 


nSec 




fRE 


REF frequency 




10 


MHz 
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SPECIFICATIONS 

^ ABSOLUTE MAXIMUM RATINGS 

O Ambieht Temperature under Bias 0°C to 50°C 

Voltage on any pin with 

O respect to Vss - 0.2V to + 7.0V 

p Power Dissipation 1 Watt 

CP storage Temperature Plastic -55°Cto +125°C 
*° Ceramic -55Xto + 150°C 



NOTE: 

Maximum ratings indicate operation when perma- 
nent device damage may occur. Continuous opera- 
tion at these limits is not intended and should be 
limited to those conditions specified in the DC Elec- 
trical Characteristics. 



DC Electrical Characteristics Ta = OXtoSCC; Vcc = -i-5V ± 10%; Vss = OV 



SYMBOL 


PARAMETER 


MIN 


TYPi 


MAX 


UNIT 


CONDITION 


V|L 


Input Low Voltage 


-0.2 




0.8 


V 




V|H 


Input High Voltage 


2.0 






V 




Vol 


Output Low Voltage 






0.4 


V 


lOL = 3.2mA 


VOH 


Output High Voltage 


2.4 






V 


lOH = -200mA 


vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 




Ice 


Supply Current 






100 


mA 


All outputs open 



NOTE: UP and DOWN are open collector outputs and provide 12mA Iql @ -SV. 
See page 725 for ordering information. 



76 



Printed in u S A 



WESTERN DiGITAL 

CORPORATION 

WD1010 Winchester Disk Controller 



FEATURES 

• Compatible with most 8- and 16-blt processors 

• Data rate up to 5 IVIbits per second 

• IVIultiple sector read/write commands 

• Unlimited interleave capability 

• Automatic formatting 

• Software selectable sector size 

(128, 256, 512, or 1024 bytes per sector) 

• CRC generation/verification 

• Automatic retries on ail errors 

• Automatic restore on seek errors 

• Single +5V supply 

• Provision for external ECC capability 



APPLICATIONS 

• Seagate 81506,81512 

• Shugart SA1000, SA1 100, SA600 

• Tandon 600 Series 

• Texas Instruments 506 

• RMS 500 Series 

• Quantum Q2000 Series 

• Miniscribe 

. . . and others 

DESCRIPTION 

The WD1010 is a MOS/LSI device designed for use 
with the drives listed above as well as other drives 
compatible with the SA1000 or ST506 interface. The 
controller requires only a single + 5 volts supply. It is 
designed to operate with an external sector buffer 
memory and to interface directly with TTL logic. 

The WD1010 is fabricated in NMOS silicon-gate 
technology and is available in a 40-pin, Dual-In-line 
ceramic or plastic package. 

FUNCTIONAL DESCRIPTION 

The WD1010 is software compatible with the WD1000 
controller board. Programming Is very similar to that 
of the Western Digital FD179X floppy disk controller 

Data bytes are transferred to or from the buffer every 
1.6Msec., with a 5Mbit/sec drive. The buffer may be 
either the Western Digital WD1510 128x9 FIFO 
memory (Fig. 1) or a combination of a 256x8 static 
RAM and a 9 bit resettable counter (Fig. 2). The 
WD1010 generates control signals to minimize ex- 
ternal gating. Buffer to processor transfers are made 
via programmed I/O or DMA. The controller also 
generates handshake signals to control DMA 
operations for multiple sector transfers. The WD1010 
interfaces to the Western Digital DM1883 and other 
DMA controllers. 



BCSC 
BCRC 
INTRQC 
NCC 
MRC 
REC 
WEII 
CSC 
AOC 
A1 C 
A2C 

Dm 

06 C 
D5 C 
04 C 
DSC 
D2C 
D1 C 
DO C 
VSSC 



TIT" 



40 

39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 



□ vcc 

□ RC 

□ RG 

□ RD 

□ BDRQ 

□ BRDY 

□ DRUM 

□ RWC 

□ SC 

□ TKOOO 

□ WF 

□ INDEX 

□ DRDY 

□ STEP 

□ DIR 

□ WC 

□ WG 

□ EARLY 

□ LATE 

□ WD 



PIN CONNECTIONS 
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TABLE 1. INTERFACE SIGNALS 



PIN NUMBER 


SYMBOL 


PIN NAME 


FUNCTION 


12-19 


D7-D0 


Data 7- Data 0 


Eight bit bidirectional bus used for transfer of 
comnnands, status, and data. 


5 


RE 


READ ENABLE 


Tristate bidirectional line, used as an input for 
reading the task register and an output when 
WD1010 is reading the buffer 


7 


WE 


WRITE ENABLE 


Tristate bidirectional line used as an input for 
writing into the task register and as an output 
when the WD1010 is writing to the buffer 


9-11 


A0-A2 


ADDRESS 0- 
ADDRESS2 


These three inputs select the register to 
receive/transmit data on D0-D7. 


8 


CS 


CHIP SELECT 


A logic low on this input enables both WE and 
RE signals. 


3 


INTRQ 


INTERRUPT 
REQUEST 


Active high output which Is set to a logic high in 
the completion of any command. 


5 


MR 


MASTER RESET 


A logic low in this input will initialize all internal 
logic. 


1 


BCS 


BUFFER CHIP 
SELECT 


Active low output used to enable reading or 
writing of the external sector buffer. 


35 


BRDY 


BUFFER READY 


This input is used to inform the controller that 
the sector buffer is full or empty. 


2 


BCR 


BUFFER COUNTER 
RESET 


Active low output that is strobed by the WD1010 
prior to read/write operations. 


36 


BDRQ 


BUFFER DATA 
REQUEST 


This output is set to initiate data transfers 

to/from the sector buffer 


40 


vcc 


-1- 5 volt 


-H 5V - 5% Power supply input. 


20 


vss 


GROUND 


Ground. 


4 


NC 


NO CONNECTION 


This pin must be left open by the user. 


21 


WD 


WRITE DATA 


This output contains the MFM clock and data 
pulses to be written on the disk. 


25 


WC 


WRITE CLOCK 


4.34 or 5.0 MHz clock input used to derive all 
internal write timing. 


24 


WG 


WRITE GATE 


This output is set to a logic high before writing 
is to be performed on the disk. 


23,22 


EARLY, LATE 


EARLY, LATE 


Precompensation outputs used to delay the WD 
pulses externally. 


37 


RD 


READ DATA 


Data input from the Drive. Both MFM clocks and 
data pulses are entered on this pin. 


39 


RC 


READ CLOCK 


A normal square wave clock input derived from 
the external data recovery circuits. 


38 


RG 


READ GATE 


This output is set to a logic high when data is 
being inspected from the disk. 


39 


DRUM 


DATA RUN 


This input informs the WD1010 when a field of 
one's or zeroes have been detected. 


27 


STEP 


STEP PULSE 


This output generates a pulse for the stepping 
motor 


26 


DIR 


DIRECTION 


This output determines the direction of the 
stepping motor. 


28 


DRDY 


DRIVE READY 


This input must be at a logic high in order for 
commands to execute. 


30 


WF 


WRITE FAULT 


An error input to the WD1010 which indicates a 
fault condition at the drive. 


31 


TKOOO 


TRACK 000 


An Input to the WD1010 which indicates that 
the R/W heads are positioned over the outer- 
most cylinder 
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TABLE 1. INTERFACE SIGNALS 



PIN 
NUMBER 


SYMBOL 


PIN NAME 


FUNCTION 


29 


INDEX 


INDEX PULSE 


A logic high on this input informs the WD1010 

Wllcil Um MlUCA nUlc Ilao Uccll ClIOUUIUciCU. 


33 


RWC 


REDUCED WRITE 
CURRENT 


This output can be programmed to reduce write 
current on a selected starting cylinder 


32 


sc 


SEEK COMPLETE 


This input informs the WD1010 when head 
settling time has expired. 



o 
o 
o 



PROCESSOR INTERFACE DESCRIPTION 

The WD1010 controller interfaces to a host or I/O 
processor via an 8 bit bidirectional data bus. The 
buffer memory is also connected to the data bus. The 
WD1010 is designed for use with buffer memory and 
external bus transceivers. One anticipated system 
configuration is shown in Figure 1. In this system, 
the processor starts a disk operation by writing task 
information into the register file in the controller The 
task information includes the disk cylinder, head, 
sector numbers, drive number, track number for start 
of write precompensation, sector size, and number of 
sectors to be transferred. After the task information 
has been written, the processor writes the command 
into the command register. In the case of a write 
sector command, the processor can then read the 
controller status register to inspect the buffer data 
request flag, and write data into the buffer memory. 
When the buffer becomes full, it activates the BRDY 
input of the controller. The controller then deac- 
tivates the buff er data request (BDRQ) lin e and ac- 
tivates the BCS line. The buffer chip select (BCS) line 
is used both for buffer jTiemory_control and for 
disabling the data bus, RE and WE buffers. The 
controller thus has a direct bus to the buffer memory 
which is isolated from the processor data bus. When 
the buffered data is transferred to disk and the buffer 
memory is empty, the controller enables the tristate 
buffers, thus reconnecting the two busses. The 
processor can then write more data into the buffer 
memory. 

The WD1010 disk controller generates control sig- 
nals for RAM-counter control, data bus control, ECC 
processor and DMA control. 

TABLE 2. TASK REGISTER FILE 



A2 


A1 


AO 


READ 


WRITE 


0 


0 


0 


Data 


Data 


0 


0 


1 


Error Flags 


Write Precomp Cyl. 


0 


1 


0 


Sector Count 


Sector Count 


0 


1 


1 


Sector Number 


Sector Number 


1 


0 


0 


Cylinder No. Low 


Cylinder No. Low 


1 


0 


1 


Cylinder No. High 


Cylinder No. High 


1 


1 


0 


SDH 


SDH 


1 


1 


1 


Status 


Command 



TABLE 3. SDH REGISTER 



SECTOR 


SECTOR 


DRIVE* 


HEAD* 




EXTENSION 


SIZE 




NUMBER 


NUMBER 




BIT 7 


6 


5 


4 


3 


2 


1 


0 


1 = ECC 


1 


1 


128 byte data field 


0 = CRC 


0 


0 


256 byte data field 




0 


1 


512 byte data field 




1 


0 


1024 byte data field 



* Drive Number and Head Number must be externally 
decoded and latched. 



DRIVE INTERFACE DESCRIPTION 

The WD1010 disk controller is designed to interface 
to SA1000 Winchester disk drives. Winchester drives 
with similar interfaces, such as the Seagate 
Technology ST506, can also be controlled. 

The WD1010 contains MFM encoder/decoder, ad- 
dress mark detector, and high speed shift register 
circuitry. Signals are provided to control write 
precompensation and write splice avoidance. Ex- 
ternal circuitry must provide a phase locked MFM 
read clock and high frequency detection. Figure 1 
shows a typical controller-drive interface for a system 
with two Winchester disk drives. 

WD1010 inputs are TTL compatible unless otherwise 
noted. WD1010 outputs will drive one TTL unit load. 



STATUS BIT DESCRIPTION 

Busy — Active when controller is accessing the disk. 
Activated by start of command (writing into com- 
mand register). Deactivated at end of all except read 
sector. For read sector, Busy is deactivated when a 
sector of data has been transferred to buffer 

Drive Ready — Normally reflects the state of DRDY 
pin. After an error interrupt, the state of DRDY is 
frozen until the status register is read. The DRDY bit 
then reflects the state of the DRDY pin. An interrupt 
is generated when reset. 

Write Fault — Reflects the state of the WF pin. An 

interrupt is generated when set. 
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Seek Complete — Reflects the state of tfie SC pin. 

O Data Request — Reflects the state of the BDRQ pin. 

^ When active, indicates that a buffer data transfer is 

I°! desired. The data request flag is used for pro- 

Q grammed I/O while the BDRQ pin is used for DIVIA 

^ controlled I/O. 

Command in Progress — Indicates that a command 
is in progress. 

En-or — Indicates that a bit in the error register has 

been set. 

ERROR BIT DESCRIPTION 

Bad Block — A bad block address mark has been 
detected when trying to read or write that sector. 

Data Field CRC Error — An error in the data field has 
been detected. The sector can be re-read to attempt 
recovery from a soft error. The data contained in the 
buffer can be read but contains errors. 



ID Not Found — Occurs when cylinder, head, sector, 
or size parameters cannot be found after 16 index 
pulses have been encountered. 

TKOOO Error — Occurs when track 0 not found in a 
Restore command after 1024 stepping pulses. 

Aborted Command — Set if command was started 
and one of the following conditions occurred: 

1. Drive not ready 

2. Write fault 

3. Seek complete not active within 16 index pulses 

4. Illegal command code 

Data AM Not Found — During a read command, 
the ID field for the desired sector has been 
found, but the data field address mark was not 
found. The data AM should be found within 15 
bytes after the ID field. Refer to Figure 3 for 
track format. 



-- REPEATED N TIMES 



I 



GAP 
4 

(4E) 



GAP 3 
(4E) 



14 BYTES 
(00) 



(A1) IIDENT) 



CYL 
LOW 



SH 



CRC 
-2- 



. 12 
3^|BYTES 



(00) 



! (00) 



(A1) 



(FB) 



DATA 
FIELD 



CRC 
-2- 



3 BYTES 
(00) 



ID FIELD 



DAT AFIELD - 



WRITE GATE 



NOTE: 

1) When MSB of 
detected. 

2) Write Gate turn-on 
field's CRC bytes. 

3) Write Gate turn-off 
Field's CRC bytes. 



head byte = 1, bad block is 



is 3 bytes after the ID 
is 3 bytes after the Data 



4) 12 bytes of zeroes are re-written on a Data 
Field update. 

5) The 2 LSB's of the IDENT byte are used for 
Cylinder high. These values are: 

FF = 0 to 255 cylinders 
FF = 256 to 511 cylinders 
FC = 512 to 767 cylinders 
FD 768 to 1023 cylinders 

6) GAP 3 length is programmable and may range 
from 3 bytes to 255 bytes. 

FIGURE 3 
TRACK FORIMAT 



TABLE 4. STATUS/ERROR REGISTERS 





STATUS 


ERROR 


BIT 


REGISTER 


REGISTER 


MSB 7 


BUSY 


Bad Block 


6 


DRIVE READY 


Data Field CRC 


5 


WRITE FAULT 


Reserved ( = 0) 


4 


SEEK COMPLETE 


ID Not Found 


3 


DATA REQUEST 


Reserved ( = 0) 


2 


RESERVED ( = 0) 


Aborted Command 


1 


COMMAND IN 


TKOOO Error 




PROGRESS 




LSBO 


ERROR 


Data AM Not Found 
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TABLE 5. COMMAND REGISTER 





MSB 














COMMAND 


7 


D 


5 


4 


3 


2 


1 


0 


RESTORE 


0 


0 


0 


1 


R3 


R2 


R1 


RO 


SEEK 


0 


1 


1 


1 


R3 


R2 


R1 


RO 


READ SECTOR 


0 


0 


1 


0 


D 


M 


0 


0 


WRITE SECTOR 


0 


0 


1 


1 


0 


M 


0 


0 


SCAN ID 


0 


1 


0 


0 


0 


0 


0 


0 


WRITE FORMAT 


0 


1 


0 


1 


0 


0 


0 


0 



D = 1 for DMA; 0 for Programmed I/O 

M = 1 for multiple sector read or write 



R3 R2 R1 RO = 



0000 
0001 
0010 
0011 

1111 



Step time = 20 us 
Step time = .5 ms 
Step time = 1.0 ms 
Step time = 1.5 ms 
Step time = 7.5 ms 



for 5 MHz write clock 



O 
•A 

o 
o 





RE 




WE 


H 


DATA 


O 




S 




T 




P 
R 


AODR 


O 




C 




E 




S 




S 




0 




R 






INT 




WR 



S 






Y 




DATA 


S 


R 




T 


A 




E 
M 


M 


ADDR 




WINCHESTER DRIVE 0 



WRITE DATA 
READ DATA 
DRIVE SEL 
STEP 

DIRECTION 
READY 

WRITE FAULT 
TRACK CXX) 
INDEX 

SEEK COMPLETE 
RWC 
HEAD NR 
WRITE GATE 



DAISY CHAIN TO 
NEXT DRIVE 



DATA LATCH 



FIGURE 1. 
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RE 




WE 


H 


DATA 


O 




S 




T 




P 




R 




O 




C 




^ 




S 




s 




0 




R 






ADDR 




INT 




MR 




f— DECODE 



C Q 
TC 



RE WE 
ADDR D 
CS 



m 



RE 

WE 
D0-D7 

BCR 



WD1010 



BC5 
CS 

AO- A 2 
INTRQ 



TO DATA LATCH 



FIGURE 2. 



See page 725 for ordering information. 



Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for its use; nor for any Infringements of patents or other rights of third parties which may result from its use. No license Is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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Printed in U.S.A 



WESTERN DIGITAL 

CORP 



O R 



T / 



N 



WD1011 Winchester Data Separator Device 



FEATURES 

• 4.34 OR 5.0 MBIT/SEC DATA RATE 

• INTERNAL CRYSTAL OSCILLATOR 

• SINGLE +5V SUPPLY 

• FM OR MFM OPERATION 

• COMPATIBLE WITH THE WD1010 

• WRITE CLOCK GENERATOR 

• HIGH FREQUENCY DETECTION 

GENERAL DESCRIPTION 

The WD1011 Winchester Data Separator has been 
designed to replace the complex analog/digital cir- 
cuitry required for data recovery by Winchester disk 
drives. Directly interfacing to the WD1010 Winchester 
Controller device, an on-chip crystal oscillator allows 
operation of 4.34 IVIbit/sec or 5.0 Mbit/sec transfer 
rates. In addition to data recovery, the device 
provides Write Clock signals for the WD1010 as well 
as high frequency detection for pre-amble search. 
Output levels on data pins swing close to the supply 
rails for increased noise immunity and to minimize 
layout restrictions. 

The WD101 1 operates from a single 5 volt supply and 
is available in a 16 pin plastic or ceramic Dual-in-Line 
package. 




See page 725 for ordering information. 
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Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for its use; nor for any Infringements of patents or other rights of third parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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Printed in U S A 



WESTERN DIGITAL 

CORPORAT/ON 

WD1012 Write Precompensation Device 



FEATURES 

• DIRECT INTERFACE TO THE WD1010 

• 12 NS. TYP. DELAY FROM EARLY 

• PROVIDES TIMCLK FOR SA1000 TYPE DRIVES 

• SINGLE +5V SUPPLY 

• TTL COMPATIBLE INPUT/OUTPUTS 

• COMPANION CHIP TO THE WD1011 DATA 
SEPARATOR 



GENERAL DESCRIPTION 

The WD1012 Write Precompensation device provides 
delayed data necessary for inner cylinder recording 
on Winchester disk drives. It is a companion chip to 
the Western Digital WD1010, utilizing signals from 
both the WD1010 and WD101 1 data separator device. 
The WRITE DATA output, as well as EARLY, LATE, 
and RWC are applied to produce a pre-determined bit 
shift. Assertion of EARLY or LATE will cause a 12 ns. 
typ. shift of data based upon the precompensation 
algorithm Internal to the WD1010. In addition, a 
divide-by-sixteen timing clock output is available for 
use by the SA1000 and other drives requiring a 
TIMCLK input. 

The WD1012 operates from a single 5 volt supply and 
is available in a 14 pin plastic or ceramic package. 





1 14 




c 


2 1.'^ 


Zl 


IZ 




V«- — L_ 


6 9 


=1 


C 


7 8 


Zl 


PIN DESIGNATION 



See page 725 for ordering Information. 
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Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility Is assumed by Western Digital 
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license Is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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Printed in (J S.A 



WESTERN DIGITAL 

CORPORAT/ON 



WD1014 Buffer Manager/Error Correction Device 



FEATURES 

DIRECT INTERFACE TO THE WD1010 
32 AND 56 BIT ECC POLYNOMIALS 
128, 256, 512, OR 1024 BYTE SECTORS 
BUFFER SIZE UP TO 32K BYTES 
CONTROL FOR 4 DRIVES/8 HEADS EACH 
AUTOMATIC RETRY ON ECC ERRORS 
TRANSPARENT ECC CORRECTION 
MULTI-SECTOR READAA/RITE CAPABILITY 
DMA OR PROGRAMMED I/O OPERATION 
8-BIT TRI-STATE DATA BUS 
EXECUTES 11 MACRO-COMMANDS 
SINGLE -K5V SUPPLY 



GENERAL DESCRIPTION 

The WD1014 is a single chip Buffer Manager/ECC 
device designed for use with the Western Digital 
Corp. WD1010 Hard Disk Controller. The device 
implements all of the logic required for a variable 
length sector buffer, ECC correction and Host in- 
terface circuitry. Use of the BMEC greatly reduces 
the complexity of the interface design, device count, 
t)oard size requirements and increases system 
reliability. 

The WD1014 operates from a single -i- 5V supply and 
is available in a 40 pin plastic or ceramic Dual-in-Llne 
package. 
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u 






DAL7 L_ 




1 1 Vcc 


DAL6 r~" 




1 ADO 


DAL5 1 




1 AD1 


DAL4 r" 




~| AD2 


r— 

DAL3 1 




~i ADS 








DAL1 1 




1 AD5 


nAi n r" 

UML.U 1 




AD6 


r^Q 1 




/\Q7 








•^Ej 




WD1014 




1 AOO 


WE 1 








1 AWt 










AO Q[ 




RCS 


A1|Z 




^ ALE 


A2 r~~ 




1 BRDY 


intrqQ 




^ BBSY 


DRQd 




BiNC 






XAO 


HDSCI 




^ XA1 


vssC 




^ XA2 









PIN DESIGNATIONS 
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PIN 






NUMBER 


SYMBOL 


DESCRIPTION 


1-8 


DAL7-0 


Data Access Lines. Commands, status, and data to and from buffer are 
transferred over this tristate bidirectional data bus controlled by the host. 
DAL7 is MSB. 


g 




nhin 5^p|ppt miictt hp ^iptivp fnr rommuniPAtinrm with thp RMFG 

wl I'M Wwlww I 1 1 lUwl Owll 1 \J* Oil 1 vVi/l 1 II 1 Ivll llwOllV^I lO Willi 11 UJIVI ^x^* 


10 


RE 


Read Enable. For reading data and status information from the BMEC. 


11 


We 


Write Enable. For writing commands and data to the BMEC. 


12 


MR 


Master Reset. Initializes the BMEC and clears the status flags when ac- 
tivated. 


13-15 


AO-2 


Address inputs. Used to select task file registers and data buffer. A2, A1, AO 
= 000 selects buffer. A2 is MSB. 


16 


INTRQ 


INTerrupt ReQuest. Activated whenever a command has been completed. It 
is reset when the status register is read, or when a new command is loaded 

VIel LfMLr -U. 


■|7 


DRO 
L/nvjc 


or is awaiting data to be written by the host. 


18 


CLK 


Clock signal input used for all internal timing. 


19 


HDS 


Head & Drive Select for settina HSO-3 and DS1-4 


20 


vss 


GROUND 


21-23 


XA2-0 


These address lines are used to address the disk controller when XCS = 0. 


24 


BCINC 


Buffer Counter INCrement. Increments the external buffer counter. Each 
negative transition is a one byte count. 


25 


BBSY 


Buffer BuSY. Signals the BMEC that the buffer is being accessed by the 
disk controller. It is also used to control ADO-7 bus switching and tristate 
XWE, and XRE when it is active. 


26 


BRDY 


Buffer ReaDY output. Signals the disk controller when the buffer memory is 
ready for controller data transfers. It is active when the buffer memory is 
full or empty. 


27 


ALE 


Address Latch Enable. Used to set the external buffer address whenever 
the buffer Is not being accessed by the WD1010 processor. 


28 


RCS 


Ram Chip Select. Asserted when the BMEC or host accesses the external 
buffer. 


29 


XRE 


Tristate line activated only when BBSY = high. When XCS is low, in- 

formatir^n iq rp^rl frrim thp QPlpr*tpH \A/ninin t^ck filPQ rpniQtprc 

lA/Kpn Rr^Q ic I^ma/ Hfitfi io rPsH from thp hiiffpr 
VVIlcll fiOO Io lUW, Ualo Io iCdU liUlll lilc UUIICi. 


30 


XWE 


Tristate line activated only when BBSY = high. When XCS is low, command 
or task file information is written into the disk controller. 

When RCS is low data is written into the buffer. 


31 


XCS 


This Chip Select is used to access the disk controller. 


32-39 


AD7-0 


Address or Data bus shared by the buffer, BMEC and the WD1010. While 
ALE is active a new buffer address is latched in an external counter, where 
AD7 = A14 and AD0 = A7. This allows buffer sizes from 128 bytes to 32K 
bytes. 


40 


vcc 


+ 5 ± 5% volt power supply. 



FUNCTIONAL DESCRIPTION 

The BMEC is designed to interface directly with 
industry standard static RAM chips and common 
TTL/LS latches and counters. The sector buffer, an 
integral part of the WD1010 system architecture, is 
addressed by a multiplexed data/address bus (AOO-7), 



which is also shared by the WD1010 and drive/head 
control latches. The WD1014 manages the external 
sector buffer so that it can support all WD1010 sector 
sizes in single and multiple sector operations. All 
buffer control signals required by the WD1010 are 
produced by the BMEC so that no external logic is 
required to interface the WD1010 to the BMEC. 
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During sector reads and writes, the BMEC produces 
an Error Correction Code (ECC) as data is transferred 
to and from the buffer. The user may seiect either a 
32 or 56 bit polynomial depending upon his needs. 
Errors are detected and corrected without in- 
tervention by the host. The BMEC controls all retries 
on data ECC errors for the host as well. Corrected 
errors are reported as a status to the host. Un- 
correctable errors are reported by setting the error bit 
in the status register with the appropriate descriptor 
bit set in the error register. 

TASK FILE 

The task file is a set of registers which contain 
commands, status, tracl<, sector and other task in- 
formation. Nine registers are accessed via A2 to AO 
during read and write modes. Depending on the 
command from the host and the status of the 
system, the proper information is stored to or read 
from the task file. 



A2 


A1 


AO 


READ 


WRITE 


1 


1 


1 


Status 


Command 


0 


0 


1 


Error flags 


Write Precomp 










Cylinder 


0 


1 


0 


Sector Count 


Sector Count 


0 


1 


1 


Sector Number 


Sector Number 


1 


0 


0 


Cylinder Number 


Cylinder Number 








(low) 


(low) 


1 


0 


1 


Cylinder Number 


Cylinder Number 








(high) 


(high) 


1 


1 


0 


SDH* 


SDH* 



*S D H bytes specifies sector size, drive 
number and head number. 

The SDH register is coded as follows: 

Bit 7 (MSB) is set for a 7 byte sector extension (used 

for ECC bytes). 

Bits 6 and 5 contain the sector size. 

The possible sector sizes and their selection codes 

are: 



BIT 6 


BITS 


SECTOR SIZE 


1 


1 


128 byte data field 


0 


0 


256 byte data field 


0 


1 


512 byte data field 


1 


0 


1024 byte data field 



Bits 4 and 3 specify Drive Number. These bits are 
decoded internally and latched externally to perform 
the select function. 

Bits 2, 1 and 0 specify Head Number. 
COMMAND REGISTER 

The command register is accessed by writing into 
register 7. All other task information should be 
loaded into the task file before loading the command 



register. Command execution starts immediately 
after the command register Is loaded and sub- ^ 
sequent register loads are ignored until the com- q 
mand is done. The commands are as follows: 

o 









BIT CODE 






COMMAND 


MSB 7 


6 


5 


4 


3 


2 


1 


0 


Restore 


0 


0 


0 


1 


R3 


R2 


R1 


Ro 


Seek 


0 


1 


1 


1 


R3 


R2 


R1 


Ro 


Read Sector 


0 


0 


1 


0 


D 


M 


0 


E 


Write Sector 


0 


0 


1 


1 


0 


M 


0 


E 


Scan ID 


0 


1 


0 


0 


0 


0 


0 


0 


Write Format 


0 


1 


0 


1 


0 


0 


0 


0 


Read Copy 


1 


0 


1 


0 


0 


M 


0 


E 


Write Copy 


1 


0 


1 


1 


0 


M 


0 


E 


Read Long 


0 


1 


1 


0 


D 


0 


1 


E 


Write Long 


0 


1 


1 


1 


D 


0 


1 


E 


Set Parameters 


1 


1 


0 


1 


0 


0 


0 


0 



D = 1: 
D = 0: 
M = 1: 
E = 1; 
E = 0: 
R3 R2 



Interrupt for DMA mode 
Interrupt for programmed I/O mode 
Multiple Sector Read or Write 
Select 56 bit ECC polynomial 
Select 32 bit ECC polynomial 



R1 



RO = 0000 
0001 
0010 
0011 



Step time 
Step time 
Step time 
Step time 



20ms 
.5ms 
1.0ms 
1.5ms 



1111 Step time = 7.5ms 
for 5 MHz write clock 

THE STATUS AND ERROR REGISTERS 

The Status Register indicates to the host the status 
of the system. If the Error bit in the Status Register is 
set, one or more bits in the Error Register will be set. 
The meaning of the these bits is shown below: 



BIT 


STATUS 


ERROR 




REGISTER 


REGISTER 


MSB 7 


Busy 


Bad Block Detect 


6 


Drive ready 


Uncorrectable 


5 


Write fault 


CRC Error — ID 






Field 


4 


Seek complete 


ID Not Found 


3 


Data request 




2 


Data Error 






Corrected 


Aborted Command 


1 


Command in 






progress 


TROOO Error 


LSB 0 


Error 


DAM Not Found 



COMMAND DESCRIPTIONS 

The BMEC passes on all information between the 
host and the WD1010. Some commands are modified 
by the BMEC and some are simply echoed. The 
following is a list of the commands and their formats 
and descriptions. 
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COMMAND 


FORMAT 


DESCRIPTION 


RESTORE 


0 0 0 0 R3 R2 R1 RO 


Pass on task information and command and initiates a 
read status after the command is completed. The 
command is echoed. Stepping rate (R0-R3) is set. 


SEEK 


0 1 1 0 R3 R2 R1 RO 


Pass on task information and command and initiates a 
read status after the command is completed. The 
command is echoed. Stepping rate (R0-R3) is set. 


SCAN ID 


0 1000000 


Passes command to WD1010 which scans ID headers on 
current track. Updates cylinder number in task file and 
command and initiates a read status after the command 
is completed. The command Is echoed. 


READ SECTOR 


00 1 0 D M 0 E 


Write the buffer with data from WD1010. If ECC is 
enabled, ECC bytes are recomputed by the BMEC. After 
the buffer is full, the recorded ECC bytes are compared 
to the generated bytes to generate the syndrome bytes. 
If the syndrome is non-zero, errors have occurred and 
error correction is invoked by the BMEC. If the error is 
not correctable the BMEC retries the sector read. If the 
data is correctable the BMEC corrects the data and 
passes the data in the buffer to the host. Read status is 
requested by the BMEC and is sent from the WD1010 to 
the host. If, after a specified number of retries, the error 
is still uncorrectable, the BMEC sends an error status to 
the host along wtih the status from the WD1010. 


WRITE SECTOR 


001 1 OMOE 


Write the buffer with data bytes from the host. Pass the 
task information and command to the WD1010. The 
WD1010 seeks track if necessary, then writes the sector 
from the buffer to disk. Generate the ECC polynomial, 
selected by E, as the buffer is written to disc. Write the 
total number of sectors specified by the sector count if 
M = 1 in format. If M = 0 then the sector count is ignored 
and only one sector Is written. After the sector data Is 
■written to the disc, the BMEC sends the WD1010 the 
ECC bytes. The BMEC requests status from the WD1010 
and passes on this information to the host at the host's 
request. 


READ LONG 


0 1 1 0 DO 1 E 


Similar to Read Sector except the ECC operation 
producing a syndrome is inhibited in the BMEC. Instead, 
the BMEC copies the recorded ECC bytes from disc and 
passes them unaltered to the host. 


\A/RITP 1 r»M^5 
VVni 1 C LWINU 


0111D01E 


Thp Writp 1 nnn pommanri funrtinn«! <?imilarlv to thp Writp 
Sector command except the ECC operation of computing 
the ECC word is inhibited in the BMEC. Instead, the BMEC 
accepts a 32, or 56 bit appendage from the host and 
passes it unaltered to the WD1010 to be written on the disc 
after the data. 


WRITE COPY 


1 0 1 1 0 M 0 E 


The Write Copy command is similar to the Write Sector 
command, except the BMEC does not send a data 
request (DRQ) to the host at the beginning of the 
command. The BMEC assumes it has a full buffer to 
write to the disc. The buffer could have been filled by 
another device other than the host, such as a back-up 
tape or data from another disc. This commands allows 
the copying of data from one disc to another with 
minimal host intervention. 



90 



COMMAND 


FORMAT 


DESCRIPTION 


READ COPY 

SET PARAMETERS 


1 0 1 00 M 0 E 
1 1010000 


The Read Copy command is similar to the Read Sector 
command, except the BMEC does not send a data 
request (DRQ) to the host at the end of the command. 
This command, when used with the Write Copy com- 
mand, allows the copying of data from one disk to 
another with minimal host intervention. 
The buffer size parameter is specified by the value held in 
the sector size task register. The buffer size corresponds 
to the sector size task register value multiplied by 128. 
(E.G. if the sector size task register value = 1, then it speci- 
fies a buffer size of 128 bytes. A 32768 (32K) byte length 
buffer is specified by a sector size register value = 0.) 



a 

o 



HOST 
IFC 





ADO-7 




RCS 


WD1014 


BMEC 




ALE 




BCINC 


DAL 




0-7 


XCS 


CS 


XRE 


RE 


xWe 


WE 


XAO 


MR 


XAI 




XA2 


AO 


BBSY 


A1 


BRDY 


A2 




INTRQ 




DRQ 






HDS 





C 


PIN 


0 


U 




N 


LD 


e 


INC 





DATA 



RAM 



ADDR 
WE 



DO-7 



WD1010 
Winchester 
Controller 



CS 

RE 

WE 

AO 

Al 

A2 

BCS 

BRDY 




DRIVE 
INTERFACE 



DSO-3 



WD1010/WD1014 WINCHESTER CONTROLLER 



See page 725 for ordering information. 
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Primed in U S.A 



WeSTER/y DIGITAL 

CORPORAT/ON 

WD1050 SMD Controller/Formatter 



FEATURES 

• 16 BIT HOST INTERFACE 

• 9.677 M BITS/SEC DATA RATE 

• SINGLE/MULTIPLE SECTOR TRANSFERS 

• HARD SECTOR FORMAT 

• TTL COMPATIBLE INPUT/OUTPUTS 

• SINGLE 5V SUPPLY 

• 64 PIN JEDEC CHIP CARRIER PACKAGE 

• COMPATIBLE WITH SMD, MMD, FHT, LMD, 
AND CMD FAMILIES 



DESCRIPTION 

The WD1050 SMD controller/formatter is a MOS/LSI 
device designed to interface an SMD compatible 
rigid disk drive to a host processor. The device Is 
compatible vi/ith all rigid disk drives adhering to 
Control Data Corporation's flat cable interface for 
SMD, MMD, FHT, FMD, LMD and CMD families (CDC 
specification 64712400 Rev H). It is TTL compatible 
on all inputs and outputs, with interface capability for 
8 or 16 bit data busses. 

the WD1050 contains a powerful set of macro- 
commands for read/write and control functions. An 
internal 16 bit task file is used to process a selected 
command based upon parameter information in the 
file. 

The WD1050 operates from a single + 5V supply and 
is available in a 64 pin JEDEC chip-carrier package. 



DO- 
D15 



DATA 
I/O 
BUFFER 



A0-A2 □ 

CS — 
RE — 
WE — 
bCs-*- 

BCR-*- 
BRDY — 
BDRQ-*- 
INTRQ-««- 



HOST/ 
BUFFER 
CONTROL 



STATUS 



TASK 
FILE 



COMPARATOR 



DATA 



CRC LOGIC 



CONTROL 
UNIT 



CONTROL 
PORT 



10 



UNITSEL 
PORT 



CPO- 
CP9 



USO- 
US3 



RDS 



-RC 



— RD 



RDH 



WDH 



WDS 



-sc 



DRIVE 
CONTROL 
PORT 



TAG 1- 

TAG3 

INDEX 

SECTOR 

FAULT 

SKER 

ONCYL 

URDY 

W/DROT 

UBUSY 

USEL 

USTAG 

ECC 



Figure 1 BLOCK DIAGRAM 
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PIN 








NUMBER 


PIN NAME 


SYMBOL 


FUNCTION 


1 


vcc 


Vcc 


-I-5V ± 5% power supply input 


2 


READ ENABLE 


RE 


TrI-state bidirectional line, used as an input 
when reading the task file and an output when 
the WD1050 is reading from the buffer. 


3 


WRITE ENABLE 


WE 


Tri-state bidirectional line used as an input 
when writing to the task file and an output when 
the WD1050 is writing to the buffer. 


4 


CHIP SELECT 


cs 


A logic low on this input enables both WE and 
RE signals. 


5-7 


ADDRESS (H'2 


A0^A2 


These three inputs select a task file register to 
receive/transmit data. 


8-23 


DATA BUS 0-1 5 


D0-D15 


Sixteen bit bidirectional bus used for transfer of 
commands, status, and data. 


24 


WRITE DATA 


WD 


Open Drain, NRZ data output which is syn- 
chronized to the Servo Clock input. 


25 


READ CLOCK 


RC 


Input clock from the drive which is syn- 
chronized with the Read Data Input. 


26 


SERVO CLOCK 


SO 


A nominal 9.677 MHz clock input from the drive. 
This clock must be valid when Unit Ready (Pin 
31) is active and Fault (Pin 34) is inactive. 


27 


READ DATA 


RD 


NRZ data input from the drive which must be 
synchronized to the Read Clock (Pin 25) input. 


28 


INDEX PULSE 


IP 


Active high input used to monitor the Index 
signal from the drive. 


29 


SECTOR 


SEC 


Active high input used to monitoi' sector pulses 
from the drive. 


30 


UNIT SELECT 


USEL 


Active high output pulse used to strobe USO- 

US2 lines. 


31 


UNIT READY 


URDY 


Active high input used to inform the WD1050 of 
a READY condition on a selected drive. If this 
line is made inactive during any command 
(except RTZ or FAULT CLEAR), current com- 
mand execution is terminated. 


32 


UNIT BUSY 


UBSY 


Active high input used to monitor drive status 
during a unit selection. If the unit had previously 
been selected and/or reserved prior to issuing a 

□STAG the UBSY mij«it hp marip artivp within 

one microsecond of the USTAG selection. This 
signal is used for dual-channel access ap- 
plications and should be tied to ground when 
not used. 


33 


GROUND 


vss 


Ground. 


34 


FAULT 


FAULT 


Active high input used to detect a fault con- 
dition at the drive. Command execution is 
terminated if fault is made active during any 
command. Only the FAULT CLEAR command 
may be issued while this line is ascerted. 


35 


SEEK ERROR 


SKERR 


Active high input used to detect a seek error at 
the drive. 


36 


ON CYLINDER 


ONCYL 


Active high input used to inform the WD1050 
when the heads are settled and positioned over 
the desired cylinder. 


37 


WRITE PROTECT 


WPROT 


Active high input used to monitor the Write 
Protect signal from the drive. 
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PIN 








Kll IR/IDCD 


PIN NAME 


SYMBOL 


FUNCTION 


38 


ERROR 


ECC 


Active high output used to synchronize external 




CORRECTION 




ECC logic to the Data Field. 


39 


UNIT SELECT TAG 


USTAG 


Active high output used for selection of a unit 








on US0-US3 lines. 




1 MVa 1 - 1 MOO 


TAri1 TAd'i 
1 1 - 1 MOvJ 


Active high outputs used to strobe specific data 








out on thp Control Port Linps Tan ripfinltion*5 








are: 

TAG1 — Cylinder address 








TAG2 — Head/Volume select 








TAG3 — Control Tag 


43-46 


UNIT SELECT 0-3 


US0-US3 


These four outputs reflect the contents of the 








unit address field of the task file, and are used 








to select one of four drives. 


47-56 


CONTROL PORT 


CP9-CP0 


Ten bit output bus used to issue tag parameters 




BITS 9-0 




to the selected drive. 


57 


BACK-BIAS 


vbb 


Substrate generator. Must be left open by the 








user. 


58 


BUFFER CHIP 


BCS 


Active low output used to enable reading or 




SELECT 




writing to the external buffer. 


59 


BUFFER COUNTER 


BCR 


Active low output that is strobed prior to 




RESET 




read/write commands. Used to clear an external 








buffer counter. 


60 


BUFFER DATA 


BDRQ 


This output is set to initiate data transfers 




REQUEST 




to/from the external buffer. 


61 


BUFFER READY 


BRDY 


This input informs the WD1050 that the buffer is 








full or empty. 


62 


INTERRUPT 


INTRO 


Active high output which is set at the com- 




REQUEST 




pletion of any command, providing the '1' bit is 








also set in the command word. 


63 


MASTER RESET 


MR 


Active low input used to initialize the WD1050, 








usually after a power-up condition. 


64 


CLOCK 


CLK 


2 MHz Master Clock from which all timing is 








derived. 



ORGANIZATION 

The Block Diagram of the WD1050 is shown in Figure 
1. Data transfers to and from the host, as well as the 
sector buffer, are transferred via the D0-D15 lines. An 
internal control unit is used to process all commands 
and generate drive control signals in the SMD 
protocol. With the use of an external sector buffer, 
the WD1G50 directly transfers data from the buffer to 
the read/write lines by the host/buffer control logic. 
Four buffer control signals are used to manipulate 
the data off-line from the host processor. 



TASK FILE 

Inidividual registers within the task file are acc essed 
via the Ap-Aq lines in conjunct ion with either Read 
Enable (RE) or Write Enable (WE) signals. Chip Select 
(CS) must also be made active during an "RE" or WE 
sequence. 

The MSB of the address lines (A2) can be used for 8- 
bit operations when interfacing to 8-bit microproces- 
sors. When A2 = 0, 16 bit programming is in effect as 
shown in Figure 1. When A2 is toggled, 8-bit 
selection is enabled, with data entered on D8-D15 
illustrated in Table 2. 
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TABLE 1 TASK FILE (16 BIT PROGRAMMING) 



R/W 


ADDRESS 


TASK FILE REGISTER 


WE 


RE 


A2 


A1 


AO 


Di5 D8 D7 Do 


1/' 


^/' 


0 


0 


0 


Head Number 


Sector Address 






0 


0 


1 


Upper Cylinder 


Lower Cylinder 






0 


1 


0 


Sector Count 


Section Length/Unit Address 


*^ 




0 


1 


1 


Upper Comnnand 


Lower Command 






0 


1 


1 


Upper Status 


Lower Status 



TABLE 2 TASK FILE (8 BIT PROGRAMMING) 



R/W 


ADDRESS 


TASK REGISTER 


WE 


RE 


A2 


A1 


AO 


D? Do 


»^ 




1 


0 


0 


Head Number 






0 


0 


0 


Sector Address 






1 


0 


1 


Upper Cylinder 






0 


0 


1 


Lower Cylinder 






1 




0 


Sector Count 




I/' 


0 




0 


Sector Length/Unit Address 


»^ 




1 




1 


Upper Command 






0 




1 


Lower Command 






1 




1 


Upper Status 




I/" 


0 




1 


Lower Status 



COMMAND SET 

The WD1050 can execute eight macro-commands. 
The appropriate task registers are first loaded with 
parameter information, then the macro-command is 
written into the command register. Table 3 shows the 
eight commands, plus a summary of the various flags 
used to modify the execution of each command. The 
STATUS Register, illustrated in Table 4 allows the 
host to monitor key signals and command progress. 
Note that the status register is a "Read-Only" 



register, while the command register is a "Write 
Only" register. Both these registers share the same 
address, and are differentiated by the ascertion of 
either RE or WE. 

When programmed for the 8-bit mode, two con- 
secutive reads must be accomplished to fetch the 
entire status word from the task file. When A2 = 1, 
status bits D8-D15 are read; when A2 = 0, status bits 
D0-D7 are read. 



COMMAND 


LSB 










COMMAND REGISTER BITS 








MSB 


15 


14 


13 


12 


11 


10 


9 


8 7 


6 


5 


4 


3 


2 


1 0 


Fault Clear 


0 


0 


0 


0 


0 


0 


0 


1 0 


0 


0 


0 


U 


s 


E L 


Return to Zero 


0 


0 


0 


1 


V 


L 


0 


1 0 


0 


0 


M 


U 


8 


E L 


Seek Cylinder 


0 


0 


1 


0 


V 


L 


0 


1 z 


c 


H 


M 


u 


S 


E L 


Read ID Field 


0 


0 


1 


1 


0 


L 


0 


1 z 


c 


H 


M 


u 


S 


E L 


Read Sector 


0 


1 


0 


0 


R 


L 


0 


1 z 


c 


H 


IVI 


u 


S 


E L 


Write Sector 


0 


1 


0 


1 


0 


L 


0 


1 z 


c 


H 


M 


u 


8 


E L 


Format 


0 


1 


1 


0 


0 


P 


0 


1 z 


c 


H 


M 


u 


8 


E L 


Verify 


0 


1 


1 


1 


0 


P 


0 


1 z 


c 


H 


M 


u 


S 


E L 
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TABLE 3 COMMAND AND FLAG SUMMARY 



FLAG SUMMARY 


V = Verify 


1 


= Interrupt Enable 


R = CRC Enable 


Z 


= Volume/Head change 


L = Logical Sectoring 


C 


= Cylinder Addr 


P = Programnnable Sectors 


H 


= Head selection 


0 = On Cylinder 


M 


= Marginal data recovery 


E = Priority Release/Early 


U 


= Unit Sel/Servo Minus 


L = Unit Deselect/Late 


s 


= Priority Sel/Servo Plus 



TABLE 4 STATUS WORD SUMMARY 





BIT 


STATUS DESCRIPTION 




15 


BUFFER CHIP SELECT STATUS 


u 
p 
p 

E 
R 


14 


COMMAND IN PROGRESS 


13 


UNIT BUSY 


12 


UNIT SELECTED 


11 


WRITE PROTECT 


10 


UNIT READY 


9 


ON CYLINDER 




8 


SEEK ERROR 




7 


BUFFER CHIP SELECT STATUS 


L 
0 
W 
E 
R 


6 


FAULT CONDITION 


5 


BUFFER DATA REQUEST STATUS 


4 


NOT USED 


3 


DATA FIELD CRC ERROR 


2 


DATA SYNCH MARK NOT FOUND 


1 


ID CRC ERROR 




0 


ID NOT FOUND 



FIXED SECTOR FORMAT 



HEAD 


PLO 


SYNC 


ID 


WRITE 


PLO 


SYNC 


DATA 


CRC 


CRC 


END 


END OF 


SCATTER 


SYNC 


CHAR 


FIELD 


SPLICE 


SYNC 


CHAR 




1 


2 


OF 


SECTOR 






















RECORD 




16 


11 


1 


6 


2 


11 


1 


128 TO 


1 


1 


2 


7 


BYTES 


BYTES 


BYTE 


BYTES 


BYTES 


BYTES 


BYTE 


1024 BYTES 


BYTE 


BYTE 


BYTES 


BYTES 
























(MIN.) 


'00' 


'00' 


'FE' 




'GO' 


'00' 


'FE' 








'00' 


'00' 



^ ^ (All ID Field divisions are 1 byte each) 
/ 



UPPER 


LOWER 


HEAD 


SECTOR 


CRC 


CRC 


CYLADDR 


CYLADDR 


ADDR 


1 


2 



See page 725 for ordering information. 
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Corporation for its use; nor for any infringements of patents or otfier rights of third parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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Primed in USA 



WEST£Riy DIGITAL 

CORPORAT/ON 

FD1 76X02 
Floppy Disk Formatter/Controller Family 



FEATURES 

• 1 MHZ VERSION OF FD179X 

• TWO VFO CONTROL SIGNALS - RG & VFOE 

• SOFT SECTOR FORMAT COM RATI Bl LITY 

• AUTOMATIC TRACK SEEK WITH VERIFICATION 

• ACCOMMODATES SINGLE AND DOUBLE DENSITY 

• READ MODE 

Single/Multiple Sector Read with Automatic Search or 

Entire Track Read 
Selectable 128, 256, 512 or 1024 Byte Sector Lengths 

• WRITE MODE 

Single/Multiple Sector Write with Automatic Sector 
Search 

Entire Tracl< Write for Diskette Formatting 

• SYSTEM COMPATIBILITY 

Double Buffering of Data 8 Bit Bi-Dlrectionai Bus for 

Data, Control and Status 
DMA or Programmed Data Transfers 
All Inputs and Outputs are TIL Compatible 
On-Chip Track and Sector Registers/Comprehensive 

Status Information 

• PROGRAMMABLE CONTROLS 
Selectable Track to Track Stepping Time 
Side Select Compare 



Tl 

a 

O) 

X 

I 

o 
ro 



WRITE PRECOMPENSATION 
WINDOW EXTENSION 

INCORPORATES ENCODING/DECODING AND 

ADDRESS MARK CIRCUITRY 

INTERFACES TO WD1691 DATA SEPARATOR 



176X-02 FAMILY CHARACTERISTICS 



FEATURES 


1761 


1763 


1765 


1767 


Single Density (FM) 


• 


• 


• 


• 


Double Density (MFM) 


• 


• 


• 


• 


True Data Bus 




• 




• 


Inverted Data Bus 


• 




• 




Write Precomp 


• 


• 


• 


• 


Side Selection Output 






• 


• 



APPLICATIONS 

51/4" MINI FLOPPY CONTROLLER 
SINGLE OR DOUBLE DENSITY 
CONTROLLER/ FORMATTER 




IGNO) Vss 



•1761/3 = RG;178B/7 = SSO 
**1763ff TRUE BUS 

PIN CONNECTIONS 



^ INTRQ 



r 



> 



FLOPPY DISK 
CONTROLLER 
FORMATTER 



Vss VdD vcc 



LATE 
EARLY 



ONE SHOT 
(IF USED) 



+ 12 +5V 



FD176X SYSTEM BLOCK DIAGRAM 
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PIN OUTS 

RN 
NUMBER 



PIN NAME 



SYMBOL 



FUNCTION 



19 



NO CONNECTION 



MASTER RESET 



NC 
MR 



20 POWER SUPPLIES 
21 
40 

COMPUTER INTERFACE: 

2 



3 
4 
5,6 



7-14 

24 
38 

39 



WRITE ENABLE 
CHIPSELECT 
READ ENABLE 
REGISTER SELECT LINES 



Vss 
Vcc 
Vdd 

WE 

cs 

RE 

A0,A1 



DATA ACCESS LINES 
CLOCK 

DATA REQUEST 
INTERRUPT REQUEST 



FLOPPY DISK INTERFACE: 



15 
16 



17 



18 



STEP 

DIRECTION 
EARLY 

LATE 



DAL0-DAL7 

CLK 
DRQ 

INTRO 



STEP 
DIRC 

EARLY 
LATE 



Pin 1 is internally connected to a back bias generator and 
must be left open by the user. 

A logic low (50 microseconds min.) on tliis input resets the 
device and loads HEX 03 into the command register. The Not 
Ready (Status Bit 7) is reset during MR ACTIVE. When MR is 
brought to a logic high a RESTORE Command is executed, 
regardless of the state of the Ready signal from the drive. 
Also, HEX 01 Is loaded into sector register. 

Ground 
+ 5V ±5% 
+ 12V ±5% 



A logic low on this input gates data on the DAL into the 
selected register when CS is low. 

A logic low on this input selects the chip and enables 
computer communication with the device. 

A logic low on this input controls the_placement of data from a 
selected register on the DAL when CS is low. 

These inputs select the register to receive/transfer data on the 
DAL lines under RE and WE control: 



CS 


A1 


AO 


RE 


WE 


0 


0 


0 


Status Reg 


Command Reg 


0 


0 


1 


Track Reg 


Track Reg 


0 


1 


0 


Sector Reg 


Sector Reg 


0 


1 


1 


Data Reg 


Data Reg 



Eight bit Bidirectional bus used for transfer of data, control, 
and status. This bus is receiver enabled by WE or transmitter 
enabled by RE. Each line will drive 1 standard TTL load. 

This input requires a free-running 1 MHZ ± 1 % 50% duty 
cycle square wave clock for internal timing reference. 

This open drain output indicates that the DR contains 
assembled data In Read operations, or the DR is empty in 
Write operations. This signal is reset when sen/iced by the 
computer through reading or loading the DR in Read or Write 
operations, respectively. Use 10K pull-up resistor to + 5. 

This open drain output is set at the completion of any com- 
mand and is reset when the STATUS register is read or the 
command register is written to. Use 10K pull-up resistor to 

-H5. 



The step output contains a pulse for each step. 

Direction Output is active high when stepping in, active low 
when stepping out. 

Indicates that the WRITE DATA pulse occuring while Early is 
active (high) should be shifted early for write precom- 
pensatlon. 

Indicates that the write data pulse occurring while Late is 
active (high) should be shifted late for write precompensation. 
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PIN 
NUMBER 


PIN NAME 


SYMBOL 


FUNCTION 


22 


TEST 


TEST 


This input is used for testing purposes only and siiouid be tied 
to + 5V or left open by tfie user unless interfacing to voice coil 
actuated steppers. 


23 


HEAD LOAD TIMING 


HLT 


When a logic high is found on the HLT Input the head is 
assumed to be engaged. It is typically derived from a 1 shot 
triggered by HLD. 


25 


READ GATE 
(1761, 1763) 


RG 


This output is used for synchronization of external data 
separators. The output goes high after two Bytes of zeros in 
single density, or 4 Bytes of either zeros or ones in double 
density operation. 


25 


SIDE SELECT OUTPUT 
(1765,1767) 


SSO 


The logic level of the Side Select Output is directly controlled 
by the 'S' flag in Type 11 or ill commands. When U = 1, SSO is 
set to a logic 1. When U = 0, SSO is set to a logic 0. The SSO 
Is compared v^^ith the side information in the Sector I.D. Field. 
If they do not compare Status Bit 4 (RNF) is set. The Side 
Select Output is only updated at the beginning of a Type II or 
III command, it is forced to a logic 0 upon a MASTER RESET 
condition. 


26 


READ CLOCK 


RCLK 


A nominal square-wave clock signal derived from the data 
stream must be provided to this input. Phasing (i.e. RCLK 
transitions) relative to RAW READ Is important but polarity 
(RCLK high or low) Is not. 


27 


RAW READ 


RAW READ 


The data Input signal directly from the drive. This Input shall 
be a negative pulse for each recorded flux transition. 


28 


HEAD LOAD 


HLD 


The HLD output controls the loading of the Read-Write head 
against the media. 


29 


TRACK GREATER THAN 43 


TG43 


This output informs the drive that the Read/Write head is 
positioned between tracks 44-76. This output is valid only 
during Read and Write Commands. 


30 


WRITE GATE 


WG 


This output is made valid before writing is to be performed on 
the diskette. 


31 


WRITE DATA 


WD 


A 400 ns (MFM) or 1000 ns (FM) output pulse per flux tran- 
sition. WD contains the unique Address marks as well as data 

and clock in both FM and MFM formats. 


32 


READY 


READY 


This input indicates disk readiness and is sampled for a logic 
high before Read or Write commands are performed. If Ready 
is low the Read or Write operation is not performed and an 
interrupt Is generated. Type 1 operations are performed 
regardless of the state of Ready. The Ready input appears in 
inverted format as Status Register bit 7. 


33 


WRITE FAULT 
VFO ENABLE 


WF/VFOE 


This is a bi-directional signal used to signify writing faults at 
the drive, and to enable the external PLO data separator. When 
WG = 1 , Pin 33 functions as a WF input. If WF = 0, any write 
command will immediately be terminated. When WG = 0, Pin 
33 functions as a VFOE output. VFOE will go low during a read 
operation after the head has loaded and settled (HLT = 1). On 
the 1765/7, it will remain low until the last bit of the second 
CRC byte in the ID field. VFOE will then go high until 8 bytes 
(MFM) or 4 bytes (FM) before the Address Mark. It will then go 
active until the last bit of the second CRC byte of the Data 
Field. On the 1761/3, VFOE will remain low until the end of the 
Data Field. This pin has an internal 100K Ohm pull-up resistor. 


34 


TRACK 00 


TROO 


This input informs the FD176X that the Read/Write head is 

positioned over Track 00. 
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DIKI 

NUMBER 


PIN NAME 


SYMBOL 


FUNCTION 


35 


INDEX PULSE 


IP 


This input informs the FD176X when the index hole is en- 
oounicieu uii iiic uioncue. 


36 


WRITE PROTECT 


WPRT 


This input is sampled whenever a Write Command is received. 
A logic low terminates the command and sets the Write 
Protect Status bit. 


37 


DOUBLE DENSITY 


DDEN 


This input pin selects either single or double density 
operation. When DDEN = 0, double density is selected. When 
DDEN = 1, single density Is selected. 



GENERAL DESCRIPTION 

The FD176X are N-Channel Silicon Gate MOS LSI 
devices which perform the functions of a Floppy Disk 
Formatter/Controller in a single chip implementation. 
The FD176X is IBM 3740 compatible in single density 
mode (FM) and System 34 compatible in Double 
Density Mode (MFM). The FD176X contains ail the 
features of its predecessor the FD1771, plus the added 
features necessary to read/write and format a double 
density diskette. These include address mark detection, 
FM and MFM encode and decode logic, window ex- 
tension, and write precompensatlon. In order to 
malritaln compatibility, the FD1771, FD1781, and 
FD176X designs were made as close as possible with 
the computer interface, instruction set, and I/O 
registers being identical. Also, head load control is 
identical. In each case, the actual pin assignments vary 
by only a few pins from any one to another. 

The processor interface consists of an 8-bit bi-direc- 
tionai bus for data, status, and control word transfers. 
The FD176X is set up to operate on a multiplexed bus 
with other bus-oriented devices. 

The FD176X is TTL compatible on all inputs and 
outputs. The outputs will drive ONE TTL load or three 
LS loads. The 1763 is identical to the 1761 except the 
DAL lines are TRUE for systems that utilize true data 
busses. 

The 1765/7 has a side select output for controlling 
double sided drives. 

ORGANIZATION 

The Floppy Disk Formatter block diagram is illustrated 
on page 5. The primary sections include the parallel 
processor interface and the Floppy Disk interface. 

Data Shift Register — This 8-bit regist er assembles 
serial data from the Read Data input (RAW READ) 
during Read operations and transfers serial data to the 
Write Data output during Write operations. 

Data Register — This 8-bit register is used as a 
holding register during Disk Read and Write operations, 
in Disk Read operations the assembled data byte is 
transferred in parallel to the Data Register from the 
Data Shift Register, in Disk Write operations in- 
formation is transferred in parallel from the Data 
Register to the Data Shift Register. 



When executing the Seek command the Data Register 
holds the address of the desired Track position. This 
register is loaded from the DAL and gated onto the 
DAL under processor control. 

Track Register — This 8-bit register holds the track 
number of the current ReadA/Vrite head position. It is 
incremented by one every time the head is stepped in 
(towards track 76) and decremented by one when the 
head is stepped out (towards track 00). The contents of 
the register are compared with the recorded track 
number in the ID field during disk Read, Write, and 
Verify operations. The Track Register can be loaded 
from or transferred to the DAL. This Register should 
not be loaded when the device is busy. 

Sector Register (SR) — This 8-bit register holds the address 
of the desired sector position. The contents of the register 
are compared with the recorded sector number in the ID 
field during disk Read or Write operations. The Sector 
Register contents can be loaded from or transferred to the 
DAL. This register should not be loaded when the device is 
busy. 

Command Register (CR) — This 8-bit register holds the 
command presently being executed. This register should 
not be loaded when the device is busy unless the new 
command is a force interrupt. The command register can 
be loaded from the DAL, but not read onto the DAL. 

Status Register (STR) — This 8-bit register holds device 
Status information. The meaning of the Status bits is a 
function of the type of command previously executed. This 
register can be read onto the DAL, but not loaded from the 
DAL. 

CRC Logic — This logic is used to check or to generate the 
16-bit Cyclic Redundancy Check (CRC). The polynomial is: 
G(x) = X" -f- X" -t- x» -)- 1. 

The CRC includes all information starting with the address 
mark and up to the CRC characters. The CRC register Is 
preset to ones prior to data being shifted through the 
circuit. 

Arithmetic/Logic Unit (ALU) — The ALU is a serial com- 
parator, incremented and decrementer and is used for 
register modification and comparisons with the disk 
recorded ID field. 

Timing and Control — Ail computer and Floppy Disk In- 
terface controls are generated through this logic. The in- 
ternal device timing is generated from an external crystal 

clock. 
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DATA 

SHIFT 
REG 



AM DETECTOR 



V 



-< BCLK 



DRO 












WG 

— — ■ ■ 


INTRO 












TG43 _ 
















MA 














CS 












IP 


RE 












_ TROO 




COMPUTER 
INTERFACE 
CONTROL 


CONTROL 


PLA 
CONTROL 
(230 X 16) 


CONTROL _ 


DISK 
INTERFACE 
CONTROL 


READV 


AO 






STEP _ 














DIHC _ 














EARLY 














LATE 














RG/SSQ 


DCIEN* 












HLD 














HLT 

















? 

O 

ro 



FD176X BLOCK DIAGRAM 



The FD176X has two differen t mod es of o peration ac- 
cording to the state of DDEN. When DDEN = 0 double 
density (MFM) is assumed. When DDEN = 1, single 
density (FM) is assumed. 

AM Detector — The address mari< detector detects ID, data 
and index address marl<s during read and write operations. 

PROCESSOR INTERFACE 

The interface to the process or is a ccomplished through the 
eight Data Acces s Lines (DAL) and associated control 
signals. The DAL are used to transfer Dat a, Sta tus, and 
Control words out of, or into the FD176X. The DAL are three 
state b uffer s that are enabled as output drivers when Chip 
Select (CS) and Read Enable (RE) are active (low logic state) 
or act as input receivers when CS and Write Enable (WE) 
are active. 

When transfer of data with the Floppy Disl< Controller is 
required by the host processor, the device address is 
decoded and CS is made low. The address bits A1 and AO, 



combined with the signals RE during a Read operation or 
WE during a Write operation are Interpreted as selecting 
the following registers: 



A1 


■ AO 


READC^ 


WRITE (WE) 


0 


0 


Status Register 


Command Register 


0 


1 


Track Register 


Track Register 


1 


0 


Sector Register 


Sector Register 


1 


1 


Data Register 


Data Register 



During Direct l^emory Access (DMA) types of data 
transfers between the Data Register of the FD176X and the 
processor, the Data Request (DRQ) output is used in Data 
Transfer control. This signal also appears as status bit 1 
during Read and Write operations. 

On Disk Read operations the Data Request is activated (set 
high) when an assembled serial input byte is transferred In 
parallel to the Data Register. This bit is cleared when the 
Data Register is read by the processor. If the Data Register 
is read after one or more characters are lost, by having new 
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data transferred into the register prior to processor readout, 
the Lost Data bit is set in the Status Register. The Read 
Q operation continues until the end of sector is reached. 

^ On Disk Write operations the data Request is activated 
0> when the Data Register transfers its contents to the Data 
^ Shift Register, and requires a new data byte. It Is reset 
^ when the Data Register is loaded with new data by the 
processor. If new data Is not loaded at the time the next 
serial byte is required by the Floppy Disk, a byte of zeroes 
is written on the diskette and the Lost Data bit is set in the 
Status Register. 

At the connpletion of every command an INTRQ is 
generated. INTRQ is reset by either reading the status 
register or by loading the command register with a new 
command. In addition, INTRQ is generated if a Force 
Interrupt command condition is met. 

The 176 X has two modes of opera tion according to the 
state of DDEN (Pin 37). When DDEN = 1, single density is 
selected. In either case, the CLK input (Pin 24) is at 1 MHz. 

GENERAL DISK READ OPERATIONS 

Sector lengths of 128, 256, 512 or 1024 are o btainable in 
either FM or MFM formats. For FM, DDEN should be 
placed to logical "1." For MFM formats, DDEN should be 
placed to a logical "0." Sector lengths are determined at 
forniat time by the fourth byte in the "ID" field. 



Sector Length Table* 


Sector Length 


Number of Bytes 


Field (hex) 


in Sector (decimal) 


00 


128 


01 


256 


02 


512 


03 


1024 



* 1765/67 may vary — see command summary. 



The number of sectors per track as far as the FD176X Is 
concerned can be from 1 to 255 sectors. The number of 
tracks as far as the FD176X is concerned is from 0 to 255 
tracks. 

For read oper ations in 5V4" double density the FD176X 
requires RAW READ Data (Pin 27) signal which is a 400 ns 
pulse per flux transition and a Read clock (RCLK) signal to 
indicate flux transition spacings. The RCLK (Pin 26) signal 
is provided by some drives but if not it may be derived 
externally by Phase lock loops, one shots, or counter 
techniques. In addition, a Read Gate Signal is provided as 
an output (Pin 25) on 1761/63 which can be used to inform 
phase lock loops when to acquire synchronization. When 
reading from the media in FM, RG is made true when 2 
bytes of zeroes are detected. The FD176X must find an 
address mark within the next 10 bytes; otherwise RG is 
reset and the search for 2 bytes of zeroes begins all over 
again. If an address mark is found within 10 bytes, RG 
remains true as long as the FD176X is deriving any useful 
information from the data stream. Similarly for MFM, RG is 
made active when 4 bytes of "00" or "FF" are detected. The 
FD176X must find an address mark within the next 16 
bytes, otherwise RG is reset and search resumes. 



During read operations (WG = 0), the VF OE (Pin 33) is 
provided for phase lock loop synchronization. VFOE will go 
active low when: 

a) Both HLT and HLD are True 

b) Settling Time, if programmed, has expired 

c) The 176X is inspecting data off the disk 

If WF/VFOE is not used, this pin may be left open, as it has 
an internal pull-up resistor. 

GENERAL DISK WRITE OPERATION 

When writing is to take place on the diskette the Write Gate 
(WG) output is activated, allowing current to flow into the 
ReadA/Vrite head. As a precaution to erroneous writing the 
first data byte must be loaded into the Data Register in 
response to a Data Request from the FD176X before the 
Write Gate signal can be activated. 

Writing is inhibited when the Write Protect input is a logic 
low, in which case any Write command is Immediately 
terminated, an Interrupt is generated and the Write Protect 
status bit is set. The Write Fault input, when activated, 
signifies a writing fault condition detected in disk drive 
electronics such as failure to detect write current flow 
when the Write Gate is activated. On detection of this fault 
the FD176X terminates the current command, a nd sets the 
Write Fault bit (bit 5) in the Status Word. The Write Fault 
input should be made inactive when the Write Gate output 
becomes inactive. 

For write operations, the FD176X provides Write Gate (Pin 
30) and Write Data (Pin 31) outputs . Write data consists of a 
series of 1000 ns pul ses in FM (DDEN = 1) and 400 ns 
pulses in MFM (DDEN = 0). Write Data provides the unique 
address marks in both formats. 

Also during write, two additional signals are provided for 
write precompensation. These are EARLY (Pin 17) and 
LATE (Pin 18). EARLY is active true when the WD pulse 
appearing on (Pin 30) is to be written EARLY. LATE is active 
true when the WD pulse is to be written LATE. If both 
EARLY and LATE are low when the WD pulse is present, 
the WD pulse is to be written at nominal. Since write 
precompensation values vary from disk manufacturer to 
disk manufacturer, the actual value is determined by 
several one shots or delay lines which are located external 
to the FD176X. The write precompensation signals EARLY 
and LATE are valid for the duration of WD in both FM and 
MFM formats. 

READY 

Whenever a Read or Write command (Type II or III) is 
received the FD176X samples the Ready input. If this input 
is logic low the command is not executed and an interrupt 
is generated. All Type I commands are performed re- 
gardless of the state of the Ready input. Also, whenever a 
Type II or III command is received, the TG43 signal output 
is updated. 

COMMAND DESCRIPTION 

The FD176X will accept eleven commands. Command 
words should only be loaded in the Command Register 
when the Busy status bit is off (Status bit 0). The one 
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exception is the Force Interrupt command. Whenever a 
command is being executed, the Busy status bit is set. 
When a command is compieted, an interrupt is generated 
and the Busy status bit is reset. The Status Register 



indicates whether the compieted command encountered 
an error or was fauit free. For ease of discussion, 
commands are divided Into four types. Commands and 
types are summarized in Table 1. 



A. Commands for l^odels: 1761, 1763 



TABLE 1. COMMAND SUMMARY 

B. Commands for Models: 1765, 1767 



-n 
o 

X 
o 



1 ype Command 


7 


6 


5 


Bits 
4 3 


2 


1 


0 


7 


6 


5 


Bits 
4 3 


2 


1 


0 


1 Restore 


0 


0 


0 


0 


h 


V 




ro 


0 


0 


0 


0 


h 


V 


ri 


ro 


1 Seei< 


0 


0 


0 


1 


h 


V 




ro 


0 


0 


0 


1 


h 


V 


n 


ro 


1 Step 


0 


0 


1 


T 


h 


V 


M 


ro 


0 


0 


1 


T 


h 


V 


n 


ro 


1 Step-in 


0 


1 


0 


T 


h 


V 


n 


ro 


0 


1 


0 


T 


h 


V 


ri 


ro 


1 Step-out 


0 


1 


1 


T 


h 


V 


n 


ro 


0 


1 


1 


T 


h 


V 




ro 


II Read Sector 


1 


0 


0 


m 


S 


E 


c 


0 




0 


0 


m 


L 


E 


u 


0 


II Write Sector 




0 


1 


m 


S 


E 


c 


ao 




0 


1 


m 


L 


E 


u 


ao 


III Read Address 




1 


0 


0 


0 


E 


0 


0 




1 


0 


0 


0 


E 


u 


0 


III ReadTracl< 




1 


1 


0 


0 


E 


0 


0 




1 


1 


0 


0 


E 


u 


0 


III Write Tracl< 




1 


1 


1 


0 


E 


0 


0 




1 


1 


1 


0 


E 


u 


0 


IV Force Interrupt 




1 


0 


ll 


l3 


12 


ii 


lO 




1 


0 


1 


l3 


12 


ll 


lo 



TABLE 2. FLAG SUMMARY 



FLAG SUMMARY 



Command 
Type 



Bit 
No(s) 



Description 



II & III 



ll&lll 



11 & I 



0, 1 ri ro = Stepping Motor Rate 
See Table 3 for Rate Summary 

2 V = Tracl< Number Verify Flag 



h = Head Load Flag 



T = Traci< Update Flag 



ao = Data Address Mark 



C = Side Compare Flag 



U = Update SSO 



E = 30 MS Delay 



S = Side Compare Flag 



L = Sector Length Flag 



V 




0, No verify 


V 




1 , Verify on destination tracl< 


h 




1, Load head at beginning 


h 




0, Unload head at beginning 


T 




0, No update 


T 




1, Update track register 


ao 




0, FB(DAM) 


ao 




1,F8 (deleted DAM) 


C 




0, Disable side compare 


C 




1 , Enable side compare 


U 




0, Update SSO too 


U 




1, Update SSO to 1 


E 




0, No 30 MS delay 


E 




1,30 MS delay 


S 




0, Compare for side 0 


S 




1, Compare for side 1 





LSB's Sector Length in ID Field 
00 01 10 11 


L = 0 


256 512 1024 128 


L = 1 


128 256 512 1024 
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FLAG SUMMARY 



Command 
Type 


Bit 
No(s) 


Description 


II 
IV 


4 m = Multiple Record Flag 

0-3 'x = Interrupt Condition F 
'O = 1 Not Ready To Readi 
'1 =1 Ready To Not Readj 
'2 = 1 1ndex Pulse 
'3 = 1 1mmediate Interrupt 
'3-ll = 0 Terminate With No 


m = 0, Single record 
m = 1, Multiple records 

ags 

1 Transition 
t Transition 

, Requires A Reset 
nterrupt{lNTRQ) 



*NOTE: See Type IV Command Description for further information. 



TYPE I COMMANDS 

The Type I Commands include the Restore, Seek, Step, 
Step-In, and Step-Out commands. Each of the Type I 
Commands contains a rate field (^0 n), which determines 
the stepping motor rate as defined In Table 3. 

A 4 ^<s (MFM) or 8 ^s (FM) pulse is provided as an output to 
the drive. For every step pulse issued, the drive moves one 
track location in a direction determined by the direction 
output. The chip will step the drive in the same direction it 
last stepped unless the command changes the direction. 

The Direction signal is active high when stepping In and 
low when stepping out. The Direction signal Is valid 24 
before the first stepping pulse is generated. 

The rates (shown In Table 3) can be applied to a Step- 
Direction Motor through the device interface. 



TABLE 3. STEPPING RATES 



DDEN 

R1 RO 


0 

TEST=1 


1 

TEST=1 


X 

TEST=0 


0 0 


6 ms 


6 ms 


368ms 


0 1 


12 ms 


12 ms 


380ms 


1 0 


20 ms 


20 ms 


396^3 


1 1 


30 ms 


30 ms 


416^8 



After the last directional step an additional 30 milliseconds 
of head settling time takes place If the Verify flag is set in 
Type I commands. If TEST = 0, there is zero settling time. 
There Is also a 30 ms head settling time if the E flag is set in 
any Type II or III command. 

When a Seek, Step or Restore command is executed an 
optional verification of Read-Write head position can be 
performed by settling bit 2 (V = 1) in the command word to 
a logic 1. The verification operation begins at the end of the 
30 millisecond settling time after the head is loaded against 
the media The track number from the first encountered ID 
Field is compared against the contents of the Track 
Register. If the track numbers compare and the ID Field 
Cyclic Redundancy Check (CRC) is correct, the verify 
operation is complete and an INTRQ is generated with no 
errors, if there is a match but not a valid CRC, the CRC error 



status bit is set (Status bit 3), and the next encountered ID 
field is read from the disk for the verification operation. 

The FD176X must find an ID field with correct track number 
and correct CRC within 5 revolutions of the media; 
otherwise the seek error is set and an INTRQ is generated. 
If V = 0, no verification is performed. 

The Head Load (HLD) output controls the movement of the 
read/write head against the media. HLD is activated at the 
beginning of a Type I command if the h flag is set (h = 1), at 
the end of the Type I command if the verify flag (V = 1), or 
upon receipt of any Type II or III command. Once HLD is 
active it remains active until either a Type I command is 
received with (h = 0 and V = 0); or if the FD176X is in an 
idle state (non-busy) and 15 Index pulses have occurred. 

Head Load timing (HLT) is an input to the FD176X which is 
used for the head engage time. When HLT = 1, the FD176X 
assumes the head is completely engaged. The head 
engage time is typically 30 to 100 ms depending on drive. 
The low to high transition on HLD Is typically used to fire a 
one shot. The output of the one shot is then used for HLT 
and supplied as an input to the FD176X. 



HLD ^ 




■50 TO lOOtnS ^ 



5 1 1 

HLT (FROM ONE SHOT) 



HEAD LOAD TIMING 

When both HLD and HLT are true, the FD176X will then 
read from or write to the media. The "and" of HLD and HLT 
appears as status Bit 5 in Type I status. 

In summary for the Type I commands: if h = 0 and V = 0, 
HLD is reset. If h = 1 and V = 0, HLD is set at the 
beginning of the command and HLT is not sampled nor is 
there an internal 30 ms delay. If h = 0 and V = 1, HLD is 
set near the end of the command, an internal 30 ms occurs, 
and the FD176X waits for HLT to be true. If h = 1 and V = 
1, HLD is set at the beginning of the command. Near the 
end of the command, after all the steps have been issued, 
an internal 30 ms delay occurs and the FD176X then waits 
for HLT to occur. 
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For Type II and III commands with E flag off, HLD is made 
active and HLT is sampled until true. With E flag on, HLD is 
made active, an internal 30 ms delay occurs and then HLT 
is sampled until true. 

RESTORE (SEEK TRACK 0) 

Upon recei pt of th is command the Track 00 (TROO) input is 
sampled. If TROO is active low Indicating the Read-Write 
head is positioned over track 0, the Track Regis ter Is loaded 
with zeroes and an interrupt is generated. If TROO is not 
active low, stepping pulses (pins 15 to 16) at a rate specified 
by the M ""O field are issued until the TROO input Is activated. 
At this time the Track Regist er is lo aded with zeroes and an 
interrupt is generated. If the TROO Input does not go active 
low after 255 stepping pulses, the FD176X terminates 
operation, interrupts, and sets the Seek error status bit 
providing the V flag is set. A verification operation also 
takes place if the V flag is set. The h bit allows the head to 



be loaded at the start of command. Note that the Restore 
command is executed when MR goes from an active to an 
inactive state and that the DRQ pin stays low. 



SEEK 

This command assumes that the Track Register contains 
the track number of the current position of the Read-Write 
head and the Data Register contains the desired track 
number. The FD176X will update the Track register and 
issue stepping pulses In the appropriate direction until the 
contents of the Track register are equal to the contents of 
the Data Register (the desired track location). A verification 
operation takes place if the V flag is on. The h bit allows the 
head to be loaded at the start of the command. An interrupt 
is generated at the completion of the command. Note: 
When using multiple drives, the track register must be 
updated for the drive selected before seeks are Issued. 



-Tl 

o 

X 
o 

fO 




NO .■. RESTORE 





SET DIRECTION 




0 



TYPE I COMMAND FLOW 



TYPE I COMMAND FLOW 
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STEP 

Upon receipt of this command, tlie FD176X issues one 
stepping puise to thie d\sk drive. The stepping motor 
direction is the same as in the previous step command. 
After a deiay determined by the ^VO fieid, a verification 
takes piace if the V flag is on. If the U flag is on, the Traci< 
Register is updated. The h bit allows the head to be loaded 
at the start of the command. An interrupt Is generated at 
the completion of the command. 

STEP-IN 

Upon receipt of this command, the FD176X issues one 
stepping pulse in the direction towards tracl< 80. if the U 
flag is on, the Track Register is incremented by one. After a 
deiay determined by the ^VO fieid, a verification takes piace 
if the V flag is on. The h bit allows the head to be loaded at 
the start of the command. An interrupt is generated at the 
completion of the command. 




(INTRO ^ 
BESET eUSV J ■ 



NOTE: IF TEST 0, THERE IS NO 30 MS DELAY 
IF TEST 1, THERE IS A 30 MS DELAY 



STEP-OUT 

Upon receipt of this command, the FD176X issues one 
stepping pulse in the direction towards track 0. If the U flag 
is on, the Track Register is decremented by one. After a 
delay determined by the nro field, a verification takes piace 
if the V flag is on. The h bit allows the head to be loaded at 
the start of the command. An interrupt Is generated at the 
completion of the command. 

EXCEPTIONS 

On the 1765/7 devices, the SSO output is not affected 
during Type 1 commands, and an internal side compare 
does not take place when the (V) Verify Flag is on. 




SET BUSY. RESET DRQ. LOST 
DATA, RECORD NOT FOUND, i 
STATUS BITS 5 t « INTRO 



(INTRO \, 
RESET BUSY / 




COPY S FLAG TO 
SSO LINE (1795/7 ONLYl 



/iNI 
ISEI 




' NOTE: IF TEST 0. THERE IS NO 30 MS DELAY 
IFTIST 1, THERE IS A30 MS DELAY 



TYPE I COMMAND FLOW 



TYPE II COMMAND 
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1TPE II COMMANDS 

The Type II Commands are the Read Sector and Write 
Sector commands. Prior to loading the Type II Command 
into the Command Register, the computer must load the 
Sector Register with the desired sector number. Upon 
receipt of the Type II command, the busy status Bit is set. If 
the E flag = 1 (this is the normal case) HLD is made active 
and HLT is sampled after a 30 msec delay. If the E flag is 0, 
the head is loaded and HLT sampled with no 30 msec 
delay. The ID field and Data Field format are shown on page 
16. 

When an ID field is located on the disk, the FD176X 
compares the Track Number on the ID field with the Track 
Register. If there is not a match, the next encountered ID 
field is read and a comparison is again made. If there was a 
match, the Sector Number of the ID field is compared with 
tlie Sector Register. If there is not a Sector match, the next 
encountered ID field is read off the disk and comparisons 
again made. If the ID field CRC is correct, the data field is 
then located and will be either written into, or read from 
depending upon the command. The FD176X must find an 
ID field with a Track number. Sector number, side number, 
and CRC within four revolutions of the disk; otherwise, the 
Record not found status bit is set (Status bit 3) and the 
command Is terminated with an interrupt. 

Each of the Type II Commands contains an (m) flag which 
determines if multiple records (sectors) are to be read or 
written, depending upon the command. If m = 0, a single 
sector is read or written and an interrupt is generated at the 
completion of the command. If m = 1, multiple records are 
read or written with the sector register internally updated 
so that an address verification can occur on the next 
record. The FD176X will continue to read or write multiple 
records and update the sector register in numerical 
ascending sequence until the sector register exceeds the 
number of sectors on the track or until the Force Interrupt 
command Is loaded into the Command Register, which 
terminates the command and generates an interrupt. 

For example: if the FD176X is instructed to read sector 27 
and there are only 26 on the track, the sector register ex- 
ceeds the number available. The FD176X will search for 5 
disk revolutions, interrupt out, reset busy, and set the 
record not found status bit. 

The Type II commands for 1761-63 also contain side select 
compare flags. When C = 0 (Bit 1) no side comparison is 
made. When C = 1, the LSB of the side number is read off 
the ID Field of the disk and compared with the contents of 
the (S) flag (Bit 3). if the S flag compares with the side 
number recorded in the ID field, the FD176X continues with 
the ID search. If a comparison is not made within 5 Index 
pulses, the Interrupt line Is made active and the Record- 
Not-Found status bit is set. 

The Type II and ill commands for the 1765-67 contain a side 
select flag (Bit 1). When U = 0, SSO is updated to 0. 
Similarly, U = 1 updates SSO to 1. The chip compares the 
SSO to the ID field. If they do not compare within 5 
revolutions the inten-upt line is made active and the RNF 
status bit is set. 



The 1765/7 READ SECTOR and WRITE SECTOR com- 
mands include a 'L' flag. The 'U flag, in conjunction with ^ 
the sector length byte of the ID Field, allows different byte q 
lengths to be implemented in each sector. For IBM 
compatabi I ity, the ' U flag shou Id be set to a one. 

x; 





VE^^ YES/* "\ 
HOIESS— •/ INTRQ. RESET BUSY \ 
SED 'ysET RECORD-NOT FOUNO/ 

NO 

AS*S^ 
AM X. 
EN > 

YES 

ES\,^ 
RACK 

SOFID^ 

YES 

ES^Vv. 
CTOR^S^ 
S OF ID ^ 

LD 

YES 

ELD/^ 
YES 


<5INDE 
^S.^ PAS 


NO /^TH . 1 


■ ^AOORE 

NO -. s 


Vaddres 

FIE 

NO ^ S - SIC 


•* < 0 

^ ID F 


BRING IN SECT 
STORE LENG 
REG 


3R LENGTH FIELD 
rH IN INTERNAL 
ISTEH 


SET ORG VES^_/^ THE 
" STATUS ERROR CRC E 

V. ^ 
WR 

I 


'E*^\ilO RESET 
IHOH^/-^ CRC 


lAND**^ NO 

..READ 

YES 



TYPE II COMMAND 



READ SECTOR 

Upon receipt of the Read Sector command, the head is 
loaded, the Busy status bit set, and when an ID field is 
encountered that has the correct track number, correct 
sector number, correct side number, and correct CRC, the 
data field is presented to the computer. The Data Address 
Mark of the data field must be found within 30 bytes in 
single density and 43 bytes in double density of the last ID 
field CRC byte; if not, the ID field is searched for and 
verified again followed by the Data Address Mark search. If 
after 5 revolutions the DAM cannot be found, the Record 
Not Found status bit is set and the operation is terminated. 
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READ SECTOR 
SEQUENCE 




c 



3 



INTRO HESET BUSY 



9 



TYPE II COMMAND 

When the first character or byte of the data field has been 
shifted through the DSR, it is transferred to the DR, and 
DRQ is generated. When the next byte is accumulated in 
the DSR, it is transferred to the DR and another DRQ is 
generated. If the Computer has not read the previous 
contents of the DR before a new character is transferred 
that character Is lost and the Lost Data Status bit is set. 
This sequence continues until the complete data field has 
been Inputted to the computer. If there is a CRC error at the 
end of the data field, the CRC error status bit Is set, and the 
command is terminated (even If It Is a multiple record 
command). 

At the end of the Read operation, the type of Data Address 
Mark encountered In the data field is recorded In the Status 
Register (Bit 5) as shown below: 

STATUS 
BITS 



Deleted Data Mark 
Data Mark 




WRITE SECTOR 
SEQUENCE 



(NTHO BESET BUSV^ 



DEUAV 1 BYTE OF GAP 




DELAY n BYTES 



WRITE DATA AM 
ACCORDINQ TO AO FIELD 
OF WRITE COMMAND 




TYPE II COMMAND 

WRITE SECTOR 

Upon receipt of the Write Sector command, the head Is 
loaded (HLD active) and the Busy status bit Is set. When an 
ID field Is encountered that has the correct track number, 
correct sector number, correct side number, and correct 
CRC, a DRQ Is generated. The FD176X counts off 11 bytes 
in single density and 22 bytes In double density from the 
CRC field and the Write Gate (WG) output Is made active If 
the DRQ is serviced (i.e., the DR has been loaded by the 
computer). If DRQ has not been serviced, the command is 
terminated and the Lost Data status bit is set. If the DRQ 
has been serviced, the WG is made active and six bytes of 
zeroes In single density and 12 bytes in double density are 
then written on the disk. At this time the Data Address 
Mark is then written on the disk as determined by the ao 
field of the command as shown below: 



ao 



Data Address Mark (Bit 0) 



Deleted Data Mark 

Data Mark 
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The FD176X then writes the data field and generates DRQ's 
to the computer, if the DRQ Is not serviced In time for 
continuous writing the Lost Data Status Bit is set and a 
byte of zeroes is written on the disk* The command Is not 
terminated. After the last data byte has been written on the 
disk, the two-byte CRC Is computed internally and written 
on the disk followed by one byte of logic ones In FM or In 
MFM. The WG output is then deactivated. For a 1 MHz 
clock the INTRQ will set 16 to 24 Msec after the last CRC 
byte is written. 

* If partial sectors are to be written, the proper metliod Is to write the data and fill the 
balance of the sector with zeroes. Do not let the chip supply the filler by not ser- 
vicing the DRQs. Doing this will maslt any errors by the lost data status and the 
ORG'S may be incorrect. 



TYPE III COMMANDS 
READ ADDRESS 

Upon receipt of the Read Address command, the head 
Is loaded and the Busy Status Bit is set. The next 
encountered ID field Is then read in from the disk, and 
the six data bytes of the ID field are assembled and 
transferred to the DR, and a DRQ Is generated for each 
byte. The six bytes of the ID field are shown below: 



TRACK 
ADDR 


SIDE 
NUMBER 


SECTOR 
ADDRESS 


SECTOR 
LENGTH 


CRC 
1 


CRC 
2 


1 


2 


3 


4 


5 


6 




(INTRO I 
RESET BUSY I 




SET INTRO 
LOST DATA 
RESET BUSY 





(■\ YES ^ pHVS 
INTRQ RESET BUSY ^« < INDEX MARK 




WRITE FD. FE OR 
F8-FB. CLK . 07 
INITIALIZE one 




WRITE 
BYTE OF ZEROS 
SET DATA LOST 



YES WRITE Al' IN MFM 
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Although the CRC characters are transferred to the 
computer, the FD176X checks for validity and the CRC 
error status bit Is set if there is a CRC error. The Track 
Address of the ID field is written into the sector 
register so that a comparison can be made by the 
user. At the end of the operation an inten-upt is 
generated and the Busy Status is reset. 

READ TRACK 

Upon receipt of the READ track command, the head is 
loaded, and the Busy Status bit is set. Reading starts with 
the leading edge of the first encountered index pulse and 
continues until the next index pulse. All Gap, Header, and 
data bytes are assembled and transferred to the data 
register and DRQ's are generated for each byte. The ac- 
cumulation of bytes is synchronized to each address mark 
encountered. An interrupt Is generated at the completion of 
the command. 

This command has several characteristics which make it 
suitable for diagnostic purposes. They are: the Read Gate 
is not activated during the command; no CRC checking is 
performed; gap information is included in the data stream; 
the internal side compare is not performed; and the ad- 
dress mark detector is on for the duration of the command. 
Because the A.M. detector is always on, write splices or 
noise may cause the chip to look for an A.M. If an address 
mark does not appear on schedule the Lost Data status flag 
is set. 

The ID A.M., ID field, ID CRC bytes, DAM, Data, and Data 
CRC Bytes for each sector will be correct. The Gap Bytes 
may be read incorrectly during write-splice time because 
of synchronization. 

WRITE TRACK FORMATTING THE DISK 

(Refer to section on Type III commands for flow diagrams.) 

Formatting the disk is a relatively simple task when 
operating programmed I/O or when operating under DMA 
with a large amount of memory. Data and gap information 
must be provided at the computer interface. Formatting the 
disk is accomplished by positioning the RA/V head over the 
desired track number and issuing the Write Track com- 
mand. 



Upon receipt of the Write Track command, the head is 

CONTROL BYTES FOR INITIALIZATION 



loaded and the Busy Status bit is set. Writing starts with 
the leading edge of the first encountered index pulse and 
continues until the next index pulse, at which time the 
interrupt is activated. The Data Request is activated im- 
mediately upon receiving the command, but writing will not 
start until after the first byte has been loaded into the Data 
Register. If the DR has not been loaded by the time the 
index pulse is encountered the operation is terminated 
making the device Not Busy, the Lost Data Status Bit is set, 
and the Intenxipt is activated. If a byte is not present in the 
DR when needed, a byte of zeroes is substituted. See note 
on page 12. 

This sequence continues from one index mark to the next 
index mark. Normally, whatever data pattern appears in the 
data register is written on the disk with a normal clock 
pattern. However, if the FD176X detects a data pattern of 
F5 thru FE in the data register, this is interpreted as data 
address marks with missing clocks or CRC generation. 

The CRC generator is initialized when any data byte from 
F8 to FE is about to be tranferred from the DR to the DSR in 
FM or by receipt of F5 in MFM. An F7 pattern will generate 
two CRC characters in FM or MFM. As a consequence, the 
patterns F5 thru FE must not appear in the gaps, data 
fields, or ID fields. Also, CRC's must be generated by an F7 
pattern. 

Disks may be formatted in IBM 3740 or System 34 formats 
with sector lengths of 128, 256, 512, or 1024 bytes. 

TYPE IV COMMANDS 

The Forced Inten'upt command is generally used to ter- 
minate a multiple sector read or write command or to in- 
sure Type I status in the status register. This command can 
be loaded into the command register at any time. If there is 
a current command under execution (busy status bit set) 
the command will be temninated and the busy status bit 
reset. 

The lower four bits of the command determine the con- 
ditional interrupt as follows: 

lo = Not-Ready to Ready Transition 
h = Ready to Not- Ready Transition 
'2 = Every Index Pulse 
I3 = Immediate Interrupt 



DATA PATTERN 
IN DR (HEX) 


FD176X INTERPRETATION 
IN FM (DDEN = 1) 


FD176X INTERPRETATION 
IN MFM (DDEN = 0) 


00 thru F4 


Write 00 thru F4 with CLK FF 


Write 00 thru F4, in MFM 


F5 


Not Allowed 


Write A1 * in MFM, Preset CRC 


F6 


Not Allowed 


Write C2** in MFM 


F7 


Generate 2 CRC bytes 


Generate 2 CRC bytes 


FB thm FB 


Write F8 thru FB, Clk = C7, Preset CRC 


Write F8 thru FB, in MFM 


FC 


Write FC with Clk = D7 


Write FC in MFM 


FD 


Write FD with Clk = FF 


Write FD in MFM 


FE 


Write FE, Clk = C7, Preset CRC 


Write FE in MFM 


FF 


Write FF with Clk = FF 


Write FF in MFM 



'Missing clock transition between bits 4 and 5 



'Missing clock transition between bits 3 & 4 
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c 



SET BUSY 
RESET STATUS 
BITS 2, 4, 5 





•If TEST- ^, NO DELAY 
If TEST = 1,30 MS DELAY 



INTRQ 
RESET BUSY 




READ 
ADDRESS 



INDEX 
PULSE 



SHIFT ONE BIT 
INTO DSR 



ISDR 
EMPTY 



TYPE III COMMAND 

Read Track/Address 



READ TRACK 
SEQUENCE 





<: 



SET INTRQ 
RESET BUSY 




SET LOST 
DATA BIT 



TRAN 
DSR1 


SFER 
ODR 






SET 
DRQ 
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READ ADDRESS 
SEQUENCE 



RESET BUSY 
SET INTRO 
SET RNF 



J 



SHIFT 
INTO 


1 BYTE 
DSR 






TRANSFER 

BYTE TO DR 






SET DRQ 




TRANSFER TRACK 
NUMBER TO SECTOR 
REGI8T0R 




SET CRC 
ERROR BIT 



c 



SET INTRO 
RESET BUSY 



TYPE III COMMAND 

Read Track/ Address 



The conditional interrupt is enabled when the cor- 
responding bit positions of the comnnand ('3 - 'O) are set to 
a 1. Then, when the condition for interrupt is met, the IN- 
TRO line will go high signifying that the condition specified 
has occurred. If '3 - 'O are all set to zero (HEX DO), no in- 
terrupt will occur but any command presently under 
execution will be immediately terminated. When using the 
immediate interrupt condition ('3 = 1) an interrupt will be 
immediately generated and the current command ter- 
minated. Reading the status or writing to the command 
register will not automatically clear the interrupt. The HEX 
DO is the only command that will enable the immediate 
interrupt (HEX D8) to clear on a subsequent load command 
register or read status register operation. Follow a HEX D8 
with DO command. 

Wait 16 micro sec (double density) or 32 micro sec (single 
density before issuing a new command after issuing a 
forced interrupt. Loading a new command sooner than this 
will nullify the forced interrupt. 

Forced interrupt stops any command at the end of an in- 
ternal micro-instruction and generates INTRQ when the 
specified condition is met. Forced interrupt will wait until 
ALU operations in progress are complete (CRC calcula- 
tions, compares, etc.). 

More than one condition may be set at a time. If for 
example, the READY TO NOT-READY condition (ll = 1) 
and the Every Index Pulse ('2 = 1) are both set, the 
resultant command would be HEX "DA". The "OR" func- 
tion is performed so that either a READY TO NOT- READY 
or the next Index Pulse will cause an inten'upt condition. 



STATUS REGISTER 

Upon receipt of any command, except the Force Interrupt 
command, the Busy Status bit is set and the rest of the 
status bits are updated or cleared for the new command. If 
the Force Interrupt Command is received when there is a 
current command under execution, the Busy status bit is 
reset, and the rest of the status bits are unchanged. If the 
Force Interrupt command is received when there is not a 
current command under execution, the Busy Status bit is 
reset and the rest of the status bits are updated or cleared. 
In this case, Status reflects the Type I commands. 

The user has the option of reading the status register 
through program control or using the DRQ line with DMA or 
interrupt methods. When the Data register is read the DRQ 
bit in the status register and the DRQ line are automatically 
reset. A write to the Data register also causes both DRQ's 
to reset. 

The busy bit in the status may be monitored with a user 
program to determine when a command is complete, in 
lieu of using the INTRQ line. When using the INTRQ, a busy 
status check is not recommended because a read of the 
status register to determine the condition of busy will reset 
the INTRQ line. 
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The format of the Status Register is shown below: 



(BITS) 


7 


6 


5 


4 


3 


2 


1 


0 


S7 


S6 


S5 


S4 


S3 


S2 


S1 


SO 



Status varies according to the type of command executed 
as shown in Table 4. 

Because of internal sync cycles, certain time delays must 
be obsen^ed when operating under programmed I/O. They 
are: 



Operation 


Next Operation 


Delay Req'd. 
FM ] MFM 


Write to 
Command Reg. 


Read Busy Bit 
(Status Bit 0) 


24p(S 


12 ms 


Write to 
Command Reg. 


Read Status 
Bits 1-7 


56 /.iS 


28 ms 


Write Any 
Register 


Read From Diff. 
Register 


0 


0 



RECOMMENDED - 128 BYTES/SECTOR 

Shown below Is the recommended single-density format 
with 128 bytes/sector. In order to format a diskette, the user 
must Issue the Write Tracl< command, and load the data 
register with the following values. For every byte to be 
written, there is one Data Request. 



NUMBER 


HEX VALUE OF 


OF BYTES 


BYTE WRITTEN 


40 


FF(orOO)^ 




6 


00 




1 


FE (ID Address Mark) 




1 


Track Number 




1 


Side Number (00 or 01) 




1 


Sector Number (1 thru 1A) 




1 


00 (Sector Length) 




1 


F7 (2 CRC's written) 




11 


FF(orOO)' 




6 


00 




1 


FB (Data Address Mark) 




128 


Data (IBM uses E5) 




1 


F7 (2 CRC's written) 




10 


FF(orOO)' 


369** 


FF(orOO)' 



*Write bracketed field 16 times 
* 'Continue writing until FD176X interrupts out. 

Approx. 324 bytes. 
1 -Optional '00' on 1765/7 only. 

256 BYTES/SECTOR 

Shown below is the recommended dual-density format 
with 256 bytes/sector. In order to format a diskette the user 
must issue the Write Track command and load the data 
register with the following values. For eyery byte to be 
written, there is one data request. 



NUMBER 


Hpy UAI IIP OP 


OF BYTES 


RVTP UIDITTPM 


60 


4E 




12 


00 




3 


F5 (Writes A1) 




1 


FE (ID Address Mark) 




1 


Track Number (0 thru 40) 




1 


Side Number (0 or 1) 




1 


Sector Number (1 thru 1A) 




1 


01 (Sector Length) 




1 


F7 (2 CRCs written) 




22 


4E 




12 


00 




3 


F5 (Writes A1) 




1 


r D (Data Address Mark) 




256 


DATA 




1 


F7 (2 CRCs written) 




24 


4E 


718** 


4E 



* Write bracketed field 16 times 
'Continue writing uritil FD176X interrupts out. 
Approx. 668 bytes. 



1. NON-STANDARD FORIVIATS 

Variations in the recommended formats are possible to a 
limited extent if the following requirements are met: 

1) Sector size must be 128, 256, 512 of 1024 bytes. 

2) Gap 2 cannot be varied from the recommended format. 

3) 3 bytes of A1 must be used in MFM. 

In addition, the Index Address Mark is not required for 
operation by the FD176X. Gap 1, 3, and 4 lengths can be as 
short as 2 bytes for FD176X operation, however PLL lock up 
time, motor speed variation, write-splice area, etc. will add 
more bytes to each gap to achieve proper operation. It is 
recommended that the recommended format be used for 
highest system reliability. 





FM 


MFM 


Gapl 


16 bytes FF 


32 bytes 4E 


Gap II 


11 bytes FF 


22 bytes 4E 




6 bytes 00 


12 bytes 00 


* 




3 bytes A1 


Gap III** 


10 bytes FF 


24 bytes 4E 




4 bytes 00 


8 bytes 00 






3 bytes A1 


Gap IV 


16 bytes FF 


16 bytes 4E 



* Byte counts must be exact. 
**Byte counts are minimum, except exactly 3 bytes of A1 
must be written. 



X 
6 
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TIMING CHARACTERISTICS 

Ta = 0°C to 70° C, Vdd = + 12V ± .6V, Vss = OV, Vcc = + 5V ± .25V 



READ ENABLE TIMING (See Note 4, Page 22) 



SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNITS 


CONDITIONS 


TSET 


Setup ADDR & CS to RE 


50 






nsec 




THLD 


Hold ADDR & CS from RE 


10 






nsec 




TRE 


RE Pulse Width 


400 






nsec 


Cl = 50 pf 


TDRR 


DRQ Reset from RE 




400 


500 


nsec 




TIRR 


INTRQ Reset from^ 




1000 


6000 


nsec 




TDACC 


Data Access from RE 






350 


nsec 


Cl = 50 pf 


TDOH 


Data Hold from RE 


50 




150 


nsec 


Cl = 50 pf 



[-»- ■'Dun 



INTRO ^ 



-O 

AO. AV CS 



1 



I- 



^DACC 



NOTE 1 SS MAY BE PERMANENTLY TIED LOW IF DESIRED 



t SERVICE (WORST CAS61 
•f M 27 6 uS 
•MFM > 13 5 uS 

DRQ RISINQ EDQE: INDICATES THAT THE DATA REGISTER HAS ASSEMBLED 
DATA. 

DRO FALLING EDQE: INDICATES THAT THE DATA REGISTER WAS READ 
INTRQ RISINQ EDSE: OCCURS AT END OF COMMAND 

INTRQ FALLING EDGE: INDICATES THAT THE STATUS REGISTER WAS READ. 



32* on 84' uS 



<NTRO 



-O 

AO Al CS 



t SERVICE (WORST CASE) 



NOTE: 1 CS MAY BE PERMANENTLY TIED LOW IF 
DESIRED 2 WHEN WRITING DATA INTO 
SECTOR TRACK OR DATA REC3ISTER USER 
CANNOT READ THIS REGISTER UNTIL AT 
LEAST 8 liSEC IN MFM AFTER THE RISING 



EDGE OF WE WHEN WHITING INTO THE 
COMMAND REGISTER 8TATU8.I8 NOT VALID 
UNTIL SOME 98 jiSEC IN FM. 28 aSEC IN MFM 
LATER. 



DRQ RISING EDGE: INDICATES THAT THE DATA REGISTER IS EMPTY 
DRQ FALLING EDGE: INDICATES THAT THE DATA REGISTER IS LOADED 
INTRO RISING EDGE: INDIIMTE THE END OF A COMMAND 
INTRQ FALLING EDGE: INDICATES THAT THE COMMAND REGISTER 

IS WRITTEN TO 



READ ENABLE TIMING 



WRITE ENABLE TIMING 



WRITE ENABLE TIMING (See Note 4, Page 22) 



SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNITS 


CONDITIONS 


TSET 


Setup ADDR & CS to WE 


50 






nsec 




THLD 


Hold ADDR & CS from WE 


10 






nsec 




TWE 


WE Pulse Width 


350 






nsec 




TDRR 


DRQ Reset from WE 




400 


500 


nsec 




TIRR 


INTRQ Reset from WE 




1000 


6000 


nsec 




TDS 


Data Access from WE 


250 






nsec 




TDH 


Data Hold from WE 


70 






nsec 
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INPUT DATA TIMING (See Note 4, Page 21) 



SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNITS 


CONDITIONS 


Tpw 


Raw Read Pulse Width 


100 


200 




nsec 


See Note 1 


tbc 


Raw Read Cycle Time 


3000 


4000 




nsec 


3600 ns @ 70°C 


Tc 


RCLK Cycle Time 


3000 


4000 




nsec 


3600 ns @ 














TO'C, See Note 


Txi 


RCLK hold to Raw Read 


40 






nsec 


2 

See Note 1 


TX2 


Raw Read hold to RCLK 


40 






nsec 


See Note 1 




MODE DDEN 



MFM 
FM 



CLK 



1 MHz 
1 MHz 



NOMINAL 



2 fiS 
4 ^s 



Tb 



2 MS 
4 /iS 



4 fiS 
8 MS 



INPUT DATA TIMING (See Note 3, Page 22) 
WRITE DATA TIMING (See Note 4, Page 22) 



CLK 
(IMHZ) 



"L 



T_ 



■vwll »j TvwlJ 



WD MUST HAVE RISINQ EDGE IN FIRST SHADED AREA AND 
TRAILINQ EDGE IN SECOND SHADED AREA. 



WRITE DATA/CLOCK RELATIONSHIP IN DOUBLE DENSITY (DDEN = 0) 



WRITE DATA TIMING 



SYMBOL 


CHARACTERISTICS 


MIN. 


TYP. 


MAX. 


UNITS 


CONDITIONS 


Twp 


Write Data Pulse Width 




1000 




nsec 


FM 








400 




nsec 


MFM 


Twg 


Write Gate to Write Data 




4 




usee 


FM 








2 




Msec 


MFM 


Tbc 


Write data cycle Time 




4, 6, or 8 




Msec 


±CLK Error 


Ts 


Early (Late) to Write Data 


250 






nsec 


MFM 


Th 


Early (Late) From 


250 






nsec 


MFM 




Write Data 












Twf 


Write Gate off from WD 




4 




Msec 


FM 








2 




Msec 


MFM 


Twdl 


WD Valid to Clk 


100 






nsec 




Twd2 


WD Valid after CLK 


100 






nsec 




MISCELLANEOUS TIMING (See Note 4, Page 22) 


SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNITS 


CONDITIONS 


TCDi 


Clock Duty (low) 


460 


500 


20000 


nsec 




TCD2 


Clock Duty (high) 


400 


500 


20000 


nsec 




TSTP 


Step Pulse Output 


4 or 8 






Msec 




TDIR 


Dir Setupt to Step 




24 




Msec 


± CLK ERROR 


TMR 


Master Reset Pulse Width 


50 






Msec 




TIP 


Index Pulse Width 


10 






Msec 




TWF 


Write Fault Pulse Width 


20 






Msec 
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MISCELLANEOUS TIMING 

•FROM STEP RATE TABLE 



NOTES: 

1. Pulse width on RAW READ (Pin 27) is normally 100-300 
ns. However, pulse may be any width pulse is entirely 
within window. If pulse occurs in both windows, then 
pulse width must be less than 600 ns for MFM at CLK = 
1 MHz and 1200 ns for FM at 1 MHz. 

2. tbc should be 4 fiS, nominal In MFM and 8 us nominal in 
FM. 

3. RCLK may be high or low during RAW READ (Polarity is 
unimportant). 

4. All timing readings at Vql = -BV & Vqh = 2.0V. 



Table 4. STATUS REGISTER SUMMARY 





ALL TYPE 1 


READ 


READ 


READ 


WRITE 


WRITE 


BIT 


COMMANDS 


ADDRESS 


SECTOR 


TRACK 


SECTOR 


TRACK 


S7 


NOT READY 


NOT READY 


NOT READY 


NOT READY 


NOT READY 


NOT READY 


S6 


WRITE 


0 


0 


0 


WRITE 


WRITE 




PROTECT 








PROTECT 


PROTECT 


S5 


HEAD LOADED 


0 


RECORD TYPE 


0 


WRITE FAULT 


WRITE FAULT 


S4 


SEEK ERROR 


RNF 


RNF 


0 


RNF 


0 


S3 


CRC ERROR 


CRC ERROR 


CRC ERROR 


0 


CRC ERROR 


0 


S2 


TRACK 0 


LOST DATA 


LOST DATA 


LOST DATA 


LOST DATA 


LOST DATA 


SI 


INDEX PULSE 


DRQ 


DRQ 


DRQ 


DRQ 


DRQ 


SO 


BUSY 


BUSY 


BUSY 


BUSY 


BUSY 


BUSY 



STATUS FOR TYPE I COMMANDS 



BIT NAME 


MEANING 


S7 NOT READY 


This bit when set indicates the drive Is not ready. When reset it indicates that the drive 
Is ready. This bit Is an Inverted copy of the Ready Input and logically 'ored' with MR. 


S6 PROTECTED 


When set, Indicates Write Protect Is activated. This bit is an Inverted copy of WRPT 
Input. 


S5 HEAD LOADED 


When set, it indicates the head is loaded and engaged. This bit is a logical "and" of 
HLD and HLT signals. 


S4 SEEK ERROR 


When set, the desired track was not verified. This bit Is reset to 0 when updated. 


S3 CRC ERROR 


CRC encountered in ID field. 


S2 TRACK GO 


When set, indicates Read/Write head is positioned to Tracl< 0. This bit is an inverted 
copy of the TROO input 


S1 INDEX 


When set, indicates Index mark detected from drive. This bit Is an Inverted copy of the 
IP input 


SO BUSY 


When set command Is in progress. When reset no command Is In progress. 
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STATUS FOR TYPE II AND III COMMANDS 



BIT NAME 


MEANING 


87 NOT READY 


This bit when set indicates the drive is not ready. When reset, it indicates that the drive 
Is ready. This bit is an inverted copy of the Ready Input and 'ored' with MR. The Type II 
and III Commands will not execute unless the drive Is ready. 


86 WRITE PROTECT 


On Read Record: Not Used. On Read Track: Not Used. On any Write: It Indicates a Write 
Protect. This bit is reset when updated. 


85 RECORD TYPE 
WRITE FAULT 


On Read Record: it indicates the record-type code from data field address marl^. 1 = 
Deleted Data Mar[<. 0 = Data Mark. On any Write: It indicates a Write Fault. This bit is 
reset when updated. 


84 RECORD NOT 
FOUND (RNF) 


When set, It Indicates that the desired track, sector, or side were not found. This bit is 
reset when updated. 


S3 ORG ERROR 


If 84 Is set, an error Is found In one or more ID fields; othenA/lse It Indicates error In data 
field. This bit Is reset when updated. 


82 LOST DATA 


When set, it indicates the computer did not respond to DRQ in one byte time. This bit 

is reset to zero when updated. 


81 DATA REQUEST 


This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read 
Operation or the DR is empty on a Write operation. This bit is reset to zero when up- 
dated. 


SO BUSY 


When set, command Is under execution. When reset, no command Is under execution. 



ELECTRICAL CHARACTERISTICS 

Absolute Maximum Ratings 
VoDwith repectto Vss(ground): -l-15to -0.3V 
Voltage to any input with respect to Vss = 15 to - 0.3V 
Ice = 60 MA (35 MA nominal) 
Idd = 15 MA (10 MA nominal) 



Gin & Gout = 15 pF max with all pins grounded except 
one under test. 

Operating temperature = O'GtoyO'G 
Storage temperature = -55°Gto -f 125''C 



OPERATING CHARACTERISTICS (DC) 

TA = O'C to 70'C, Vdd = -f 12V ± .6V, Vss = OV, Vcc = + 5W ± .25V 



SYMBOL 


CHARAGTERISTIC 


MIN. 


MAX. 


UNITS 


CONDITIONS 


IlL 


Input Leakage 




10 


mA 


ViN = Vdd** 


lOL 


Output Leakage 




10 


mA 


VouT = Vdd 


VlH 


Input High Voltage 


2.6 




V 




ViL 


Input Low Voltage 




0.8 


V 




VOH 


Output High Voltage 


2.8 




V 


io= -lOOfiA 


Vol 


Output Low Voltage 




0.45 


V 


lo = 1.0 mA 


Pd 


Power Dissipation 




0.6 


w 





* * Leakage conditions are for input pins without internal pull-up resistors. Pins 22, 23, 33, 36, and 37 have pullup resistors. See 
Tech Memo #115 for testing purposes. 



See page 725 for ordering Information. 
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Information furnished by Western Digital Corporation Is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for its use; nor for any Infrlngements of patents or other rights of third parties which may result from Its use. No license Is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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Printed in U SA 



WESTERN DIGITAL 

CORPORAT/ON 

FD1771-01 Floppy Disk Formatter/Controller 



■n 
o 
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FEATURES 

• SOFT SECTOR FORMAT COMPATIBILITY 

« AUTOMATIC TRACK SEEK WITH VERIFICATION 

» READ MODE 

Single/Multiple Sector Write with Automatic 

Sector Search or Entire Track Read 
Selectable 128 Byte or Variable Length Sector 

• WRITE MODE 

Single/Multiple Sector Write with Automatic 

Sector Search 
Entire Track Write for Diskette Formatting 

• PROGRAMMABLE CONTROLS 
Selectable Track-to-Track Stepping Time 
Selectable Head Settling and Head Engage 

Times 

Selectable Three Phase or Step and Direction 
and Head Positioning Motor Controls 

• SYSTEM COMPATIBILITY 

Double Buffering of Data 8-Bit Bi-Directional 

Bus for Data, Control and Status 
DMA or Programmed Data Transfers 
All Inputs and Outputs are TTL Compatible 



APPLICATIONS 

• FLOPPY DISK DRIVE INTERFACE 

• SINGLE OR MULTIPLE DRIVE 
CONTROLLER/FORMATTER 

• NEW MINI-FLOPPY CONTROLLER 
GENERAL DESCRIPTION 

The FD1771 is a MOS/LSI device that performs the 
functions of a Floppy Disk Controller/Formatter. 
The device is designed to be Included In the disk 
drive electronics, and contains a flexible Interface 
organization that accommodates the Interface sig- 
nals from most drive manufacturers. The FD1771 is 
compatible with the IBM 3740 data entry system 
format. 

The processor interface consists of an 8-bit bi- 
directional bus for data, status, and control word 
transfers. The FD1 771 is set up to operate on a multi- 
plexed bus with other bus-oriented devices. 

The FD1771 is fabricated in N-channel Silicon Gate 
MOS technology and is TTL compatible on all inputs 
and outputs. The A and B suffixes are for ceramic 
and plastic packages, respectively. 




FD1771 





PIN CONNECTIONS 



FLOPPY DISK 
CONTROLLER 
FORMATTER 



FLOPPY 

DISK 

DRIVE 



^SS Vbb Vdd Vcc 



FD1771 SYSTEM BLOCK DIAGRAM 
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PIN OUTS 



Pin No. 


Pin Name 


Symbol 


Function 


1 

19 

20 
21 
40 


Power Supplies 
MASTER RESET 


Vrr/NC 
MR 

Vss 
Vcc 

Vnn 


-5V 

A logic low on this input resets the device and loads 

"03" into the command register. The Not Ready 
(Status bit 7) is reset during MR ACTIVE. When Wr\ 
is brought to a logic high, a Restore Command is 
executed, regardless of the state of the Ready signal 
from the drive. 
Ground 
+5V 
+ 12V 


Cnmnuler 1 








2 


WRITE ENABLE 


WE 


A logic low on this input gates data on the DAL into 
the selected register when CS is low. 


3 


CHIP SELECT 


cs 


A logic low on this input selects the chip and enables 
computer communication with the device. 


4 


READ ENABLE 


RE 


A logic low on this input controls the placement of 
data from a selected register on the DAL when CS is 
low. 


5. 6 


REGISTER SELECT 
LINES 


Ao, Ai 


These inputs select the register to receive/transfer 
data on the DAL lines under RE and WE control: 
Ai Ao RE WE 
0 0 Status Register Command Register 

0 1 Tracl< Register Track Register 

1 0 Sector Register Sector Register 
1 1 Data Register Data Register 


7-14 


DATA ACCESS LINES 


DAL0-DAL7 


Eight bit inverted bidirectional bus used for transfer 
of data, control, and status. This bus is a receiver 
enabled by WE or a transmitter enabled by RE. 


24 


CLOCK 


CLK 


This input requires a free-running 2 MHz ± 1 % square 
wave clock for internal timing reference. 


38 


DATA REQUEST 


DRQ 


This open drain output indicates that the DR con- 
tains assembled data in Read operations, or the DR 
is empty in Write operations. This signal is reset 
when serviced by the computer through reading or 
loading the DR in Read or Write operation, respec- 
tively. Use 10K pull-up resistor to +5. 


39 


INTERRUPT REQUEST 


INTRQ 


This open drain output is set at the completion or 
termination of any operation and is reset when a 
new command is loaded into the command register. 
Use 10K pull-up resistor to +5. 


Floppy Disk Interface: 






15 


Phase 1/Step 


DLJi /CTCD 

rni/o 1 br 


If the 3PM input is a logic low the three-phase motor 
control is selected and PHI , PH2, and PH3 outputs 


16 
17 


Phase 2/Direction 
Phase 3 


PH2/DIRC 
PH3 


form a one active lowsignaloutof three. PHI isactive 
low after MR. If the 3PM input is a logic high the step 
and direction motor control is selected. The step 
output contains a 4 usee high signal for each step 


18 


3-Phase Motor Select 


3PM 


and the direction output isactive high when stepping 
in; active low when stepping out. 
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Pin No. 


Pin Name 


Symbol 


Function 


22 


TEST 


TEST 


This input is used for testing purposes only and 
should be tied to +5V or left open by the user. 


23 


HEAD LOAD TIMING 


HLT 


The HLT input is sampled after 10 ms. When a logic 
high is sampled on the HLT input the head is assumed 

tn hp (^nn^nt^ri 


25 


EXTERNAL DATA 
SEPARATION 


XTDS 


A logic low on this input selects external data 
separation. A logic high or open selects the internal 

rlfita <tpnamtnr 


26 


FLOPPY DISK CLOCK 
(ExtGrnal Sepsration) 


FDCLOCK 


This input receives the externally separated clock 
when XTDS = 0. If XTDS = 1 , this input should be tied 
to a logic high. 


27 


FLOPPY DISK DATA 


FDDATA 


~rhiQ inr\i it fjO^^^iuoQ tHo ra\Ai rosiH fit^it Hats if V~rr^Q::1 
1 1 llo II IfJUl 1 CrUCiVco 11 IKS IdW IC70iU UtofX Uaid II A 1 L^O 1 f 

or the externally separated data if XTDS=0. 


28 


HEAD LOAD 


HLD 


The HLD output controls the loading of the Read- 

VVMl^ 1 IC7CIU ClUCllllol lllC> IliCUlCl. 


29 


Track Greater than 43 


TG43 


This output informs the drive that the Flead-Write 

1 ICaU lO pwOlllk^l ICU UC?lWC7Cll llClUndH*? /u. 1 iiio^/Uipui 

is valid only during Read and Write commands. 


30 


WRITE GATE 


WG 


T^hic fM ittM it ic itiaHa v/£)liH u/hon lA/ritinn ic ff\ Ko nor— 

1 MID ufUipUl lo IlldUC VdllU WiltffI Wllllll^ lO l\J VXS fJVt 

formed on the diskette. 


31 


WRITE DATA 


WD 


This output contains both clock and data bits of 
500 ns duration. 


32 


Ready 


READY 


This input indicates disk readiness and is sampled 
for a logic high before Read or Write commands are 
performed. If Ready is low, the Read or Write oper- 
ation is not performed and an interrupt is generated. 
A Seek operation is performed regardless of the state 
of Ready. The Ready input appears in inverted format 
as Status Register bit 7. 


33 


WRITE FAULT 


WF 


This input detects wiring faults indications from the 
drive. When WG=1 and wF goes low, the isurrent 
Write command is terminated and the Write Fault 
status bit is set. The WF input should be made inactive 
(high) when WG becomes inactive. 


34 


TRACK 00 


TROO 


This input informs the FD1771 that the Read-Write 
head 1^ Dositionprl ovpr TrflckHDu/hpn n lonin low 


35 


INDEX PULSE 


IP 


Input, when low for a minimum of 10 usee, informs 
the FD1771 when an index mark is encountered on 
the di<ikPttA 


36 


WRITE PROTECT 


WPRT 


This input is sampled whenever a Write command is 
received. A logic low terminates the command and 
sets the Write Protect status bit. 


37 


DISK INITIALIZATION 


DINT 


The iput is sampled whenever a Write Track com- 
mand is received. If DINT=0, the operation is termin- 
ated and the Write Protect status bit is set. 
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ORGANIZATION 

Tl The Floppy Disk Formatter block diagram is illustra- 
O ted on page 4. The primary sections include the 
^ parallel processor interface and the Floppy Disk 
^ interface. 

O Data Shift Register This 8-bit register assembles se- 
rial data from the Read Data input (FDDATA) duriing 
Read operations and transfers serial data to the 
Write Data output during Write operations. 

Data Register This 8-bit register is used as a holding 
register during Disk Read and .Write operations. In 
Disk Read operations the assembled data byte is 
transferred in parallel to the Data Register from the 
Data Shift Register. In Disk VVrite operations infor- 
mation is transferred in parallel from the Data Regis- 
ter to the Data Shift Register. 

When executing the Seek command, the Data Regis- 
ter holds the address of the desired Track position. 
This register can be loaded from the DAL and gated 
onto the DAL under processor control. 

Track Register This 8-bit register holds the track 
number of the current Read/Write head position. It is 
incremented by one every time the head is stepped in 
(towards track 76) and decremented by one when 
the head is stepped out (towards track 00). The con- 
tents of the register are compared with the recorded 
track number in the ID field during disk Read, Write, 
and Verify operations. The Track Register can be 



loaded from or transferred to the DAL. This Register 
should not be loaded when this device is busy. 

Sector Register (SR): This 8-bit register holds the 
address of the desired sector position. The contents 
of the register are compared with the recorded sec- 
tor number in the ID field during disk Read or Write 
operations. The Sector Register contents can be 
loaded from or transferred to the DAL. This register 
should not be loaded when the device is busy. 

Command Register (OR): This 8-bit register holds 
the command presently being executed. This regis- 
ter should not be loaded when the device is busy 
unless the execution of the current command is to be 
overridden. This latter action results in an interrupt. 
The command register can be loaded from the DAL, 
but not read onto the DAL. 

Status Register (STR): This 8-bit register holds 
device Status information. The meaning of the Sta- 
tus bits are a function of the contents of the Com- 
mand Register. This register can be read onto the 
DAL, but not loaded from the DAL. 

CRC Logic: This logic is used to check or to generate 
the 16-bit Cyclic Redundancy Check (CRC). The 
polynomial is: G(x) = x'^ + + x* + 1. 

The CRC includes all information starting with the 
address mark and up to the CRC characters. The 
CRC register is preset to ones prior to data being 
shifted through the circuit. 



DATA OUT 
BUFFERS 



COMMAND 

REG 



WRITE DATA 
(TO DISK) 



AM 

DETECTOR 



COMPUTER 
INTERFACE 
CONTROL 



CLK (2 MHZ) , 



DISK 

INTERFACE 
CONTROL 



DATA 
SEPA- 
RATOR 



WG - 
TG43 , 
I WPRT 
. WF 

I TRQO 

I READY 

Pm/STEP . 

PH2/DIRC , 
PH3 
. 3 P M 



FD1771 BLOCK DIAGRAM 
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Arithmetic/Logic Unit (ALU): The ALU is a serial 
comparator, Incrementer, and decrementer and is 
used for register modification and comparisons with 
the disk recorded ID field. 

AM Detecton The Address Mark detector is used to 
detect ID, Data, and Index address marks during 
Read and Write operations. 

Timing and Control: All computer and Floppy Disk 
Interface controls are generated through this logic. 
The internal device timing is generated from a 2.0 
MHz external crystal clock. 

PROCESSOR INTERFACE 

The interface to the processor is accomplished 
through the eight Data Access Lines (DAL) and 
associated control signals. The DAL are used to 
transfer Data, Status, and Control words out of, or 
into the FD1 771 . The DAL are three-state buffers that 
are enabled as output drivers when Chip Select (OS) 
and Read Enable (RE) are active (low logic state) or 
act as input receivers when OS and Write Enable 
(WE) are active. 

When transfer of data with the Floppy Disk Con- 
troller is required by the host processor, the device 
address is decoded and CS is made low. The least- 
significant address bits A1 and AO, combined with 
the signals RE during a Read operation or WEduring 
a Write operation are interpreted as selecting the fol- 
lowing registers: 



A1A0 


READ (RE) 


WRITE (WE) 


0 0 

0 1 

1 0 

1 1 


Status Register 
Track Register 
Sector Register 
Data Register 


Command Register 
Track Register 
Sector Register 
Data Register 



During Direct Memory Access (DMA) types of data 
transfers between the Data Register of the FD1771 
and the Processor, the Data Request (DRQ) output is 
used in Data Transfer control. This signal also 
appears as status bit 1 during Read and Write 
operations. 

On Disk Read operations the Data Request is acti- 
vated (set high) when an assembled serial input byte 
is transferred in parallel to the Data Register. This bit 
is cleared when the Data Register is read by the pro- 
cessor. If the Data Register is read after one or more 
characters are lost, by having new data transferred 
into the register prior to processor readout, the Lost 
Data bit is set in the Status Register. The Read opera- 
tion continues until the end of sector is reached. 

On Disk Write operations the Data Request is acti- 
vated when the Data Register transfers its contents 
to the Data Shift Register, and requires a new data 
byte. It is reset when the Data Register is loaded with 
new data by the processor. If new data is not loaded 



at the time the next serial byte is required by the 

Floppy Disk, a byte of zeroes is written on the ^ 

diskette and the Lost Data bit is set in the Status q 

Register. ^ 

The Lost Data bit and certain other bits in the Status ^ 
Register will activate the interrupt request (INTRO). ^ 
The interrupt line is also activated with normal com- ^ 
pletion or abnormal termination of all controller 
operations. The INTRO signal remains active until 
reset by reading the Status Register to the processor 
or by the loading of the Command Register. In addi- 
tion, the INTRO is generated if a Force Interrupt 
command condition is met. 

FLOPPY DISK INTERFACE 

The Floppy Disk interface consists of head position- 
ing controls, write gate controls, and data transfers. 
A 2.0 MHz ± 1% square wave clock is requred at the 
CLK input for internal control timing (may be 1.0 
MHz for mini floppy). 

HEAD POSITIONING 

Four commands cause positioning of the Read- 
Write head (see Command Section). The period of 
each positioning step is specified by the r field in bits 
1 and 0 of the command word. After the last direc- 
tional step, an additional 1 0 milliseconds of head set- 
tling time takes place. The four programmable 
stepping rates are tabulated below. 

The rates (shown in Table 1) can be applied to a 
Three-Phase Motor or a Step-Dire ction Motor through 
the device interface. When the input is con- 
nected to ground, the device operates with a three- 
phase motor control interface, with one active low 
signal per phase on the three output signals PH1, 
PH2, and PH3. The stepping sequence, when step- 
ping in, is Phases 1-2-3-1, and when stepping out, 
Phases 1-3-2-1. Phase 1 is active low after Master 
Reset. Note: PH3 needs an inverter if used. 

The Step-Direction M otor Control interface is acti- 
vated by leaving inpu t 3P M open or connecting it to 
+5V. The Phase 1 pin PHI becomes a Step pulse of 4 
microseconds width. The Phase 2 pin PH2 becomes 
a direction control with a high voltage on this pin 
indicating a Step In, and a low voltage indicating a 
Step Out. The Direction output is valid a minimum of 
24 us prior to the activation of the Step pulse. 

When a Seek, Step or Restore command is executed, 
an optional verification of Read-Write head position 
can be performed by setting bit 2 in the command 
word to a logic 1 . The verification operation begins at 
the end of the 10 millisecond settling time after the 
head is loaded against the media. The track number 
from the first encountered ID Field is compared 
against the contents of the Track Register. If the 
track numbers compare and the ID Field Cyclic 
Redundancy Check (CRC) is correct, the verify 
operation is complete. If track comparison is not 



127 



made but the CRC checks, an interrupt is generated, 
^ the Seek Error status (Bit 4) is set and the Busy status 
Q bit is reset. 

^ Table 1. STEPPING RATES 





1771-X1 


1771-X1 


1771 or -XI 


1771 or -X1 




CLK = 2MHz 


CLK=1 MHz 


CLK = 2MHz 


CLK= 1 MHz 




TEST = 1 


TEST = 1 


TEST=:0 


TEST = 0 


0 0 


6ms 


12ms 


Approx. 


Approx. 


0 1 


6ms 


12ms 


400pis' 


SOOpS* 


1 0 


10ms 


20ms 






1 1 


20ms 


40ms 







* For exact times consult WDC. 



The Head Load (HLD) output controls the movement 
of the read/write head against the disk for data 
recording or retrieval. It is activated at the beginning 
of a Read, Write (E Flag On) or Verify operation, or a 
Seek or Step operation with the head load bit, h, a 
logic one remains activated until the third index 
pulse foiiov^'ing the last operation which uses the 
read/write head. Reading or Writing does not occur 
until a minimum of 10 msec delay after the HLD sig- 
nal is made active. If executing the type 2 commands 
with the E flag off, there is no 10 msec delay and the 
head is assumed to be engaged. The delay is deter- 
mined by sampling of the Head Load Timing (HLT) 
input after 10 msec. A high state input, generated 
from the Head Load output transition and delayed 
externally, identifies engagement of the head 
against the disk. In the Seek and Step commands, 
the head is loaded at the start of the command exe- 
cution when the h bit is a logic one. In a verify com- 
mand the head is loaded after stepping to the 
destination track on the disk whenever the h bit is a 
logic zero. 

DISK READ OPERATION 

The 2.0 MHz external clock provided to the device is 
internally divided by 4 to form the 500 kHz clock rate 
for data transfer. When reading data from a diskette 
this divider is synchronized to transitions of the Read 
Data (FDDATA) input. When a transition does not 
occur on the 500 kHz clock active state, the clock 
divider circuit injects a clock to maintain a continu- 
ous 500 kHz data clock. The 500 kHz data clock is 
further divided by 2 internally to separate the clock 
and information bits. The divider is phased to the 
information by the detection of the address mark. 

In the internal data read and separation mode the 
Read Data input toggles from one state to the oppo- 
site state for each logic one bit of clock or informa- 
tion. This signal can be derived from the amplified, 
differentiated, and sliced Read Head signal, or by the 
output of a flip-flop toggling on the Read Data 
pulses. This input is sampled by the 2 MHz clock to 
detect transitions. 

The chip can also operate on externally separated 



data, as supplied by methods such as Phase Lock 
loop, One Shots, or variable frequency oscillators. 
This is accom plished by grounding the External 
Data Separator (XTDS) INPUT. When the Read Data 
input makes a high-to-low transition, the informa- 
tion input to the FDDATA line is clocked into the 
Data Shift Register. The assembled 8-bit data from 
the Data Shift Register are then transferred to the 
Data Register. 

The normal sector length for read or Write opera- 
tions with the IBM 3740 format is 128 bytes. This for- 
mat or binary multiples of 128 bytes will be adopted 
by setting a logic 1 in Bit 3 of the Read and Write 
commands. Additionally, a variable sector length 
feature is provided which allows an indicator recorded 
in the ID Field to control the length of the sector. Vari- 
able sector lengths can be read or written in Read or 
Write commands, respectively, by setting a logic 0 in 
Bit 3 of the command word. The sector length indica- 
tor specifies the number of 16 byte groups or 1 6 x N, 
where N is equal to 1 to 256 groups. An indicator of all 
zeroes is interpreted as 256 sixteen byte groups. 

DISK WRITE OPERATION 

After data is loaded from the processor into the Data 
Register, and is transferred to the Data Shift Register, 
data will be shifted serially through the Write Data 
(WD) output. Interlaced with each bit of data is a pos- 
itive clock pulse of 0.5 pi sec duration. This signal 
may be used to externally toggle a flip-flop to control 
the direction of Write Current flow. 

When writing is to take place on the diskette the 
Write Gate (WG) output is activated, allowing cur- 
rent to flow into the Read/Write head. As a precau- 
tion to erroneous writing, the first data byte must be 
loaded into the Data Register in response to a Data 
Request from the FD1771 before the Write Gate sig- 
nal can be activated. 

Writing is inhibited when the Write Protect input is a 
logic low, in which case any Write command is 
immediately terminated, an interrupt is generated 
and the Write Protect status bit is set. The Write Fault 
input, when activated, signifies a writing fault condi- 
tion detected in disk drive electronics such as failure 
to detect write current flow when the Write Gate is 
activated. On detection of this fault the FD1771 ter- 
minates the current command, and set s the Write 
Fault bit (bit 5) in the Status Word. The Write Fault 
input should be made inactive when the Write Gate 
output becomes inactive. 

Whenever a Read or Write command is received the 
FD1771 samples the READY input. If this input is 
logic low the command is not executed and an inter- 
rupt is generated. The Seek or Step commands are 
performed regardless of the state of the READY 
input. 
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COMMAND DESCRIPTION 



Table 4. FLAG SUMMARY 



The FD1771 will accept and execute eleven com- 
mands. Command words should only be loaded in 
the Command Register when the Busy status bit is 
off (status bit 0). The one exception is the Force 
Interrupt command. Whenever a command is being 
executed, the Busy status bit is set. When a com- 
mand is completed, an interrupt is generated and the 
Busy status bit is reset. The Status Register indicates 
whether the completed command encountered an 
error or was fault-free. For ease of discussion, com- 
mands are divided into four types. Commands and 
types are summarized In Table 2. 

TYPE 1 COMMANDS 

The Type 1 Commands include the RESTORE, 
SEEK, STEP, STEP-IN, and STEP-OUT commands. 
Each of the Type 1 Commands contain a rate field 
(rori ), which determines the stepping motor rate as 
defined in Table 1, page 4. 

The Type 1 Commands contain a head load flag (h) 
which determines if the head is to be loaded at the 
beginning of the command. Ifh=1, the head is 
loaded at the beginning of the command (HLD 
output is made active). If h=0, HLD is deactivated. 



Table 2. COMMAND SUMMARY 







BITS 


TYPE 


COMMAND 


7 


6 


5 


4 


3 2 10 




Restore 


0 


0 


0 


0 


h V ri ro 




Seek 


0 


0 


0 


1 


h V ri ro 




Step 


0 


0 


1 


u 


h V ri ro 




Step In 


0 


1 


0 


u 


h V ri ro 




Step Out 


0 


1 


1 


u 


h V ri ro 


II 


Read Command 




0 


0 


m 


b E 0 0 


II 


Write Command 




0 


1 


m 


b E ai ao 


III 


Read Address 




1 


0 


0 


0 E 0 0 


III 


Read Track 




1 


1 


0 


0 10s 


III 


Write Track 




1 


1 


1 


0 10 0 


IV 


Force Interrupt 




1 


0 


1 


l3 l2 h l4 



Note: Bits shown in TRUE form. 



Table 3. FLAG SUMMARY 

TYPE I 

h = Head Load flag (Bit 3) 
h = 1, Load head at beginning 
h = 0, Do not load head at beginning 

V = Verify flag (Bit 2) 

V = 1, Verify on last track 

V = 0, No verify 

r-|ro = Stepping motor rate (Bits 1-0) 
Refer to Table 1 for rate summary 
u = Update flag (Bit 4) 

u = 1, Update Track register 
u = 0, No update 



TYPE II 

m = Multiple Record flag (Bit 4) 

m = 0, Single Record 

m = 1, Multiple Records 
b = Block length flag (Bit 3) 

b= 1, IBM format (128 to 1024 bytes) 

b = 0, Non-IBM format 
(16 to 4096 bytes) 
aiap = Data Address Mark (Bits 1-0) 

aiao = 00, FB(Data Mark) 
aiao = 01, FA (User defined) 
aiao = 10, F9 (User defined) 
aiao = 11, F8 (Deleted Data Mark) 



Table 5. FLAG SUMMARY 
TYPE III 

s - Synchronize flag (Bit 0) 

s = 0, Synchronize to AM 

s = 1 , Do Not Synchronize to AM 

TYPE IV 

li = Interrupt Condition flags (Bits 3-0) 

lo = 1, Not Ready to Ready Transition 
H = 1, Ready to Not Ready Transition 

12 = 1, Index Pulse 

13 = 1, Immediate interrupt 

E = Enable HLD and 10 msec Delay 
E = 1, Enable HLD, HLTand 10 msec 
Delay 

E = 0, Head is assumed Engaged and 
there is no 10 msec Delay 



Once the head is loaded, the head will remain 
engaged until the FD1771 receives a command that 
specifically disengages the head. If the FD1771 
does not receive any commands after two 
revolutions of the disk, the head will be auto- 
matically disengaged (HLD made inactive). The 
Head Load Timing Input is sampled after a 10 ms 
delay, when reading or writing on the disk is to 
occur. 

The Type 1 Commands also contain a verification 
(V) flag which determines if a verification operation 
is to take place on the destination track. If V-1, a veri- 
fication is performed; if V=0, no verification is 
performed. 

During verification, the head is loaded and after an 
internal 10 ms delay, the HLT input is sampled. When 
HLT is active (logic true), the first encountered ID 
field is read off the disk. The track address of the ID 
Field is then compared to the Track Register; if there 
is a match and a valid ID CRC, the verification is 
complete, an interrupt is generated and the BUSY 
status bit is reset. If there is not a match but there is 
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valid ID CRC, an interrupt is generated, the Seek 
Error status bit (Status Bit 4) is set and the BUSY sta- 
tus bit is reset. If there is a match but not a valid CRC, 
the CRC error status bit is set (Status Bit 3), and the 
next encountered ID Field is read from the disk for the 
verification operation. If an ID Field with a valid CRC 
cannot be found after two revolutions of the disk, the 
FD1771 terminates the operation and sents an inter- 
rupt (INTRQ). 

The STEP, STEP-IN, and STEP-OUT commands 
contain an UPDATE flag (U). When U=1, the track 
register is updated by one for each step. Whe U=0, 
the track register is not updated. 

RESTORE (SEEK TRACK 0) 

Upon receipt of thi s com mand the Track 00 (TROO) 
input is sampled. If TROO is active low indicating the 
Read-Write head is positioned over track 0, the Track 



Register is loaded with zeroes and an interrupt is 
generated. If TROO is not active low, stepping pulses 
(pins 15 to 17) a t a rat e specified by the ri ro field are 
issued until the TROO input is activated. At this time 
the TR is loa ded w ith zeroes and an interrupt is gen- 
erated. If the TROO input does not go active low after 
255 stepping pulses, the FD1771 terminates opera- 
tion, interrupts, and sets the Seek error status bit. 
Not e that the RESTORE command is executed when 
MR goes from an active to an inactive state. A verifi- 
cation operation takes place if the V flag is set. The h 
bit allows the head to be loaded at the start of 
command. 

SEEK 

This command assumes that the Track Register con- 
tains the track number of the current position of the 
Read-Write head and the Data Register contains the 
desired track number. The FD1771 will update the 






SET DIRECTION 




0 



TYPE I COMMAND FLOW 



TYPE I COMMAND FLOW 
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Track register and issue stepping pulses in the 
appropriate direction until the contents of the Track 
register are equal to the contents of the data register 
(the desired track location). A verification operation 
takes place if the V flag is on. The h bit allows the 
head to be loaded at the start of the command. An 
interrupt is generated at the completion of the 
command. 

STEP 

Upon receipt of this command, the FD1771 issues 
one stepping pulse to the disk drive. The stepping 
motor direction is the same as in the previous step 
command. After a delay determined by therirofield, 
a verification takes place if the V flag is on. If the u 
flag is on, the TR is updated. The h bit allows the 
head to be loaded at the start of the command. An 



interrupt is generated at the completion of the 
command. 

STEP-IN 

Upon receipt of this command, the FD1771 issues 
one stepping pulse in the direction towards track 
76. If the u flag is on, the Track Register is incre- 
mented by one. After a delay determined by the ri ro 
field, a verification takes place if the V flag is on. The 
h bit allows the head to be loaded at the start of the 
command. An interrupt is generated at the comple- 
tion of the command. 

STEP-OUT 

Upon receipt of this command, the FD1771 issues 
one stepping pulse in the direction towards track 0. If 
the u flag is on, the TR is decremented by one. After a 
delay determined by the r^ro field, a verification 
takes place if the V flag is on. The h bit allows the 
head to be loaded at the start of the command. An 
interrupt is generated at the completion of the 
command. 

TYPE II COMMANDS 

The Type II Commands include the Read Sector(s) 
and Write Sector(s) commands. Prior to loading the 
Type II command into the COMMAND REGISTER, 
the computer must load the Sector Register with the 
desired sector number. Upon receipt of the Type II 
command, the Busy status bit is set. If the E flag=1 
(this is the normal case), HLD is made active and 
HLT is sampled after a 10 msec delay. If the E flag is 
0, the head is assumed to be engaged and there is no 
10 msec delay. The ID field and the Data Field format 
are shown below. 

When an ID field is located on the disk, the FD1771 
compares the track number of the ID field with the 
Track Register. If there is not a match, the next 
encountered ID field is read and a comparison is 
again made. If there was a match, the Sector Number 
of the ID field is compared with the Sector Register. 
If there is not a Sector match, the next encountered 
ID field is read off the disk and comparisons again 
made. If the ID field CRC is correct, the data field is 
then located and will be either written into, or read 
from depending on the command. The FD1771 must 
find an ID field with a track number. Sector number, 
and CRC within two revolutions of the disk; other- 
wise, the Record Not Found status bit is set (Status 
bit 3) and the command is terminated with an 
interrupt. 

Each of the Type II Commands contain a (b) flag 
which in conjunction with the sector length field 
contents of the ID determines the length (number of 
characters) of the Data field. 

For I BM 3740 compatibility, the b flag should equal 1 . 
The numbers of bytes in the data field (sector) is then 

128 X 2n where n = 0, 1, 2, 3. 




NOTE: IfTIST 0 THERE IS NO 10 MS DELAY 

If TEST 1 AND CLK t MHz THERE IS A JOMS DELAY 



TYPE I COMMAND FLOW 
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GAP 


ID 
AM 


TRACK 
NUMBER 


ZERO 


SECTOR 
NUMBER 


SECTOR 
LENGTH 


CRC 
1 


CRC 
2 


GAP 


DATA 
AM 


DATA FIELD 


CRC 
1 


CRC 

2 


ID FIELD 


DATA FIELD 



IDAM -- ID Address Mark — DATA = (FE)i6 CLK = (C7)i6 

Data AM = Data Address Mark — DATA = {F8. F9. FA, or FB). CLK = (C7)i6 



For b = 1 



Sector Length 


Number of Bytes 


Field (Hex) 


In Sector (Decimal) 


00 


128 


01 


256 


02 


512 


03 


1024 



When the b flag equals zero, the sector length field 
(n) multiplied by 16 determines the number of bytes 
in the sector or data field as shown below. 

For b = 0 



Sector Lengtli 


Number of Bytes 


Field (Hex) 


in Sector (Decimal) 


01 


16 


02 


32 


03 


48 


04 


64 


• 


• 


• 


• 


• 

FF 


• 

4080 


00 


4096 



Each of the Type II commands also contain a (m) flag 
which determines if the multiple records (sectors) 
are to be read or written, depending upon the com- 
mand. If m=0 a single sector Is read or written and an 
interrupt is generated at the completion of the com- 
mand. If m=1, multiple records are read or written 
with the sector register internally updated so that an 
address verification can occur on the next record. 
The FD1771 will continue to read or write multiple 
records and update the sector register until the sec- 
tor register exceeds the number of sectors on the 
tracl< or until the Force Interrupt command is loaded 
into the command register, which terminated the 
command and generates an Interrupt. 

READ COMMAND 

Upon receipt of the Read command, the head is 
loaded, the BUSY status bit set, and when an ID field 
is encountered that has the correct track number, 
correct sector number, and correct CRC, the data 
field is presented to the computer. The Data Address 
Mark of the data field must be found within 28 bytes 
of the correct field; if not, the Record Not Found sta- 
tus bit is set and the operation is terminated. When 
the first character or byte of the data field has been 




SET SUSY. RESET DRQ. LOST 
DATA. RECORD NOT FOUND, t 
STATUS BITS 5 16 INTRO 




TYPE II COMMAND FLOW 

shifted through the DSR, it is transferred to the DR, 
and DRQ is generated. When the next byte is accum- 
ulated in the DSR, it is transferred to the DR and 
another DRQ is generated. If the computer has not 
read the previous contents of the DR before a new 
character is transferred that character is lost and the 
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BRING IN SECTOR LENGTH FIELD 

COMPUTE LENGTH FROM b FLAG 
STORE LENGTH IN INTERNAL 
REGISTER 




TYPE II COMMAND FLOW 

Lost Data status bit is set. Tfiis sequence continues 
until the complete data field has been input to the 
computer. If there is a CRC error at the end of the 
data field, the CRC error status bit Is set, and the 
command is terminated (even if It is a mulltiple 
record command). 

At the end of the Read operation, the type of Data 
Address Mark encountered in the data field is recor- 
ded in the Status Register (Bits 5 and 6) as shown 
below. 



Status 


status 


Data AM 


Bite 


Bits 


(Hex) 


0 


0 


FB 


0 


1 


FA 


1 


0 


F9 


1 


1 


F8 




TYPE II COMMAND FLOW 
WRITE COMMAND 



Upon receipt of the Write command, the head is 
loaded (HLD active) and the BUSY status bit is set. 
When ah ID field is encountered that has the correct 
track number, correct sector number, and correct 
CRC, a DRQ is generated. The FD1771 counts off 1 1 
bytes from the CRC field and the Write Gate (WG) 
output is made active if the DRQ is serviced (i.e., the 
DR has been loaded by the computer). If DRQ has 
not been serviced, the command is terminated and 
the Lost Data status bit is set. If the DRQ has been ser- 
viced, the WG is made active and six bytes of zeros 
are then written on the disk. At this time the Data 
Address Mark is then written on the disk as deter- 
mined by the a^ ao field of the command as shown 
on next page. 

The FD1 771 then writes the data field and generates 
DRQs to the computer. If the DRQ is not serviced in 
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Data Mark 


Clock Mark 


ai 


ao 


(Hex) 


(Hex) 


0 


0 


FB 


C7 


0 


1 


FA 


C7 


1 


0 


F9 


C7 


1 


1 


F8 


C7 



time for continuous writing the Lost Data status bit is 
set and a byte of zeros is written on the disk. The 
command is not terminated. After the last data byte 
has been written on the disk, the two-byte CRC is 
computed internally and written on the disk followed 
by one byte gap of logic ones. The WG output is then 
deactivated. 



TYPE III COMMANDS 
READ Address 

Upon receipt of the Read Address command, the 
head is loaded and the BUSY Status bit is set. The 
next encountered ID field is then read in from the 
disk, and the six data bytes of the ID field are 
assembled and transferred to the DR, and a DRQ is 
generated for each byte. The six bytes of the ID field 
are shown below. 



TRACK 
ADDR 


SIDE 
NUMBER 


SECTOR 
ADDRESS 


SECTOR 
LENGTH 


CRC 
1 


CRC 
2 


1 


2 


3 


4 


5 


6 



Although the CRC characters are transferred to the 
computer, the FD1771 checks for validity and the 
CRC error status bit is set if there is a CRC error. 
The Sector Address of the ID field is written into the 
Sector Register. At the end of the operation an inter- 
rupt is generated and the BUSY Status is reset. 

READ TRACK 

Upon receipt of the Read Track command, the head 
is loaded and the BUSY status bit is set. Reading 
starts with the leading edge of the first encountered 
index mark and continues until the next index pulse. 
As each byte is assembled it is transferred to the 
Data Register and the Data Request is generated for 
each byte. No CRC checking is performed. Gaps are 
included in the input data stream. If bit 0{S) of the 
command is a 0, the accumulation of bytes is syn- 
chronized to each Address Mark encountered. Upon 
completion of the command, the interrupt is 
activated. 

WRITE TRACK 

Upon receipt of the Write Track command, the head 
is loaded and the BUSY status bit is set. Writing 
starts with the leading edge of the first encountered 
index pulse and continues until the next index pulse, 
at which time the interrupt is activated. The Data 
Request is activated immediately upon receiving the 
command, but writing will not start until afterthe first 
byte has been loaded into the Data Register. If the 
DR has not been loaded by the time the index pulse is 
encountered the operation is terminated making the 
device Not Busy, the Lost Data status bit is set, and 
the Interrupt is activated. If a byte is not present in 
the DR when needed, a byte of zeros is substituted. 
Address Marks and CRC characters are written on 
the disk by detecting certain data byte patterns in the 
outgoing data stream as shown in the table below. 
The CRC generator is initialized when any data byte 
from F8 to FE is about to be transferred from the DR 
to the DSR. 
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TYPE III COMMAND WRITE TRACK 



CONTROL BYTES FOR INITIALIZATION 



DATA 




CLOCK 


PATTERN 




MARK 


(HEX) 


INTERPRETATION 


(HEX) 


F7 


Write CRC Character 


FF 


F8 


Data Address Mark 


07 


F9 


Data Address Mark 


C7 


FA 


Data Address Mark 


07 


FB 


Data Address Mark 


07 


FC 


Index Address Mark 


D7 


FD 


Spare 




FE 


ID Address Mark 


07 



c 




TYPE III COMMAND WRITE TRACK 

The Write Track Command will not execute if the 
DINT input is grounded; instead, the Write Protect 
status bit is set and the interrupt is activated. Note 
that one F7 pattern generates two CRC characters. 

TYPE IV COMMAND 
Force Interrupt 

This command can be loaded into the command reg- 
ister at any time. If there is a current command under 
execution (BUSY status bit set), the command will 
be terminated and an interrupt will be generated 
when the condition specified in the Iq through I3 
field is detected. The interrupt conditions are shown 
below: 

(0= Not-Ready-To-Ready Transition 

11 = Ready-To-Not-Ready Transition 

12 = Every Index Pulse 

13= Immediate Interrupt (Requires reset, 
see Note) 

NOTE: If Iq - 13 - 0, there is no interrupt generated but the current 
command is terminated and busy is reset. This is the only 
command that will clear the immediate interrupt. 



135 



STATUS DESCRIPTION 

Q Upon receipt of any command, except the Force 
^ Interrupt command, the Busy Status bit is set and 
^ the rest of the status bits are updated or cleared for 
the new command. If the Force Interrupt Command 
O is received when there is a current command under 
"* execution, the Busy status bit is reset, and the rest of 
the status bits are unchanged. If the Force Interrupt 
command is received when there is not a current 
command under execution, the Busy Status bit is 



reset and the rest of the status bits are updated or 
cleared. In this case, Status reflects the Type I 
commands. 



The format of the Status Register is shown below. 



(BITS) 


7 


6 


5 


4 


3 


2 


1 


0 


S7 


S6 


S5 


S4 


S3 


S2 


S1 


SO 



Status varies according to the type of command 
executed as shown in Table 6. 



Table 6. STATUS REGISTER SUMMARY 



BIT 


ALL TYPE 1 
COMMANDS 


READ ADDRESS 


READ 


READ TRACK 


WRITE 


WRITE TRACK 


S7 


NOT READY 


NOT READY 


NOT READY 


NOT READY 


NOT READY 


NOT READY 


S6 


WRITE PROTECT 


0 


RECORD TYPE 


0 


WRITE PROTECT 


WRITE PROTECT 


S5 


HEAD ENGAGED 


0 


RECORD TYPE 


0 


WRITE FAULT 


WRITE FAULT 


S4 


SEEK ERROR 


ID NOT FOUND 


RECORD NOT 


0 


RECORD NOT 


0 








FOUND 




FOUND 




S3 


CRC ERROR 


CRC ERROR 


CRC ERROR 


0 


CRC ERROR 


0 


S2 


TRACK 0 


LOST DATA 


LOST DATA 


LOST DATA 


LOST DATA 


LOST DATA 


SI 


INDEX 


DRQ 


DRQ 


DRQ 


DRQ 


DRQ 


SO 


BUSY 


BUSY 


BUSY 


BUSY 


BUSY 


BUSY 



STATUS FOR TYPE I COMMANDS 



BIT 


NAME 


MEANING 


S7 


NOT READY 


This bit when set indicates the drive is not ready. When reset it 
Indicates that the drive Is ready. This bit is an inverted copy of 
the READY input and logically "ored" with MR. 


S6 


PROTECTED 


When set, indicates Write Protect is activated. This bit is an 
inverted copy of WRPT input. 


S5 


HEAD LOADED 


When set, it indicates the head is loaded and engaged. This bit 
is a logical "and" of HLD and HLT signals. 


S4 


SEEK ERROR 


When set, the desired track was not verified. This bit is reset to 
0 when updated. 


S3 


CRC ERROR 


When set, there was one or more CRC errors encountered on 
an unsuccessful track verification operation. This bit is reset 
to 0 when updated. 


S2 


TRACK 00 


When set, indicates Read-Write head is positioned to Track 0. 
This bit is an inverted copy of the TROO input. 


S1 


INDEX 


When set, indicates index mark detected from drive. This bit is 
an inverted copy of the IP input. 


SO 


BUSY 


When set, command is in progress. When reset, no command 
is in progress. 
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STATUS BITS FOR TYPE II AND III COMMANDS 



BIT 


NAME 


MEANING 


S7 


NOT READY 


This bit when set indicates the drive is not ready. When reset, it 
indicates that the drive is ready. This bit is an inverted copy of 
the READY input and "ored" vi/ith MR. The TYPE II and III 
Commands will not execute unless the drive is ready. 


S6 


RECORD TYPE/ 
WRITE PROTECT 


On Read Record: It indicates the MSB of record-type code from 
data field address mark. On Read Track: Not Used. On any 
Write Track: It Indicates a Write Protect. This bit is reset when 
updated. 


S5 


RECORD TYPE/WRITE FAULT 


On Read Record: It indicates the LSB of record-type code from 
data field address mark. On Read Track: Not Used. On any 
Write Track: It indicates a Write Fault. This bit is reset when 

UpUdlcU. 


S4 


RECORD NOT FOUND 


When set, it indicates that the desired track and sector were 

nr^f foiinH Thic hit ic rACAt \A/Hon imHiatoH 
ilUl lUUIIU. 1 lllo Ull lo It/OUl Wllcll U|JUCllcU. 


S3 


CRC ERROR 


If S4 is set, an error is found In one or more ID fields; otherwise 
it indicates error in data field. This bit is reset when updated. 


S2 


LOST DATA 


When set, it indicates the computer did not respond to DRQ in 
one byte time. This bit is reset to zero when updated. 


SI 


DATA REQUEST 


This bit is a copy of the DRQ output. When set, it indicates the 
DR is full on a Ready operation or the DR is empty on a Write 
operation. This bit is reset to zero when updated. 


SO 


BUSY 


When set, command is under execution. When reset, no 
command is under execution. 



a 



FORMATTING THE DISK (Refer to section on Type 
Ml Commands for flow diagrams.) 

Formatting the disk is a relatively simple task when 
operating programmed I/O or when operating under 
DMA control with a large amount of memory. When 
operating under DMA with limited amount of 
memory, formatting is a more difficult task. This is 
because gaps as well as data must be provided at the 
computer interface. 

Formatting the disk is accomplished by positioning 
the R/W head over the desired track number and 
issuing the Write Track command. Upon receipt of 
the Write Track command, the FD1771 raises the 
Data Request signal. At this point in time, the user 
loads the Data Register with desired data to be writ- 
ten on the disk. For every byte of information to be 
written on the disk, a Data Request is generated. This 
sequence continues from one index mark to the next 
index mark. Normally, whatever data pattern 
appears in the Data Register is written on the disk 
with a clock mark of (FF)i6- However, if the FD1771 
detects a data pattern on F7 through FE in the Data 
Register, this is interpreted as data address marks 
with missing clocks or CRC generation. For 



instance, an FE pattern will be interpreted as an ID 
address mark (DATA-FE, CLK-C7) and the CRC will 
be initialized. An F7 pattern will generate two CRC 
characters. As a consequence, the patterns F7 
through FE must not appear in the gaps, data fields, 
or ID fields. Also, CRCs must be generated by an F7 
pattern. 

Disks may be formatted in IBM 3740 formats with sec- 
tor lengths of 128,256,512, or 1024 bytes, or may be 
formatted in non-IBM format with sector lengths of 16 
to 4096 bytes in 16-byte increments. IBM 3740 at the 

present time only defines two formats. One format 
with 128 bytes/sector and the other with 256 bytes- 
/sector. The next section deals with the IBM 3740 for- 
mat with 128 bytes/sector followed by a section of 
non-IBM formats. 

IBM 3740 Formats — 128 Bytes/Sector 

The IBM format with 128 bytes/sector is depicted in 
the Track Format figure on the following page. In 
order to create this format, the user must issue the 
Write Track command, and load the data register with 
the following values. For every byte to be written, 
there is one data request. 
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Number 


Hex Value of 


of Bytes 


Byte Written 


40 


00 or FF 


5 


00 


1 


FC (Index Mark) 


* 26 


00 or FF 


R 

VJ 


00 


"1 


FE (ID Address Mark) 


■J 


Trapk Niimhpr 10 thrminh A.C'A 




00 


"1 


5^prtnr Niinihnr M thmiinh 1A\ 


1 


00 




F7 (two CRCs written) 




00 or FF 


5 


00 




FB (Data Address Mark) 




Data (IBM uses E5) 


1 


F7 (two CRCs written) 


27 


00 or FF 


247** 


00 or FF 



•Write bracketed field 26 times. 
**Continue writing until FD1771 Interrupts out. 
Approximately 247 bytes. 



Non-IBM Formats 

Non-IBM formats are very similar to the IBM formats 
except a different algorithm is used to ascertain the 
sector length from the sector length byte in the ID 
field. This permits a wide range of sector lengths 
from 16 to 4096 bytes. Refer to Section V, Type II 
commands with b flag equal to zero. Note that F7 
through FE must not appear in the sector length byte 
of the ID field. 

In formatting the FD1771, only two requirements 
regarding GAP sizes must be met. GAP 2 (i.e., the 
gap between the ID field and data field) must be 17 
bytes of which the last 6 bytes must be zero and that 
every address mark be preceded by at least one byte 
of zeros. However, it is recommended that every 
GAP be at least 17 bytes long with 6 bytes of zeros. 
The FD1771 does not require the index address mark 
(i.e., DATA = FC, CLK = D7) and need not be present. 



References: 

1) IBM Diskette OEM Information GA21-9190-1. 

2) SA900 IBM Compatibility Reference Manual 
Shugart Associates. 




QAPi 
OO OR FF 



GAP 3 

00 OR FF 



TRACK FORMAT 
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ELECTRICAL CHARACTERISTICS 
Maxium Ratings 

Vdd with respect to Vqq (Ground) 
Max Voltage to any input with 

respect to Vbb 
Operating Temperature 



Storage Temperature 



^20 to -0 3V 
^20 to -0 3V 

0°C to 70° C 
-55° C to +125°C 



OPERATING CHARACTERISTICS (DC) 

ta = o°c to 7o°c. Vdd = -^12. OV ± .6V, 

Vbb " "5 0 ± .5V, Vss = OV, VCC = ^5V ± .25V 
I DD ^ "lO Nominal, IcQ = 30 ma Nominal, 
I BB ^ 0.4 ;ja Nominal 



O 

6 



Symbol 


Characteristic 


Min. 


Typ. 


Max. 


Units 


Conditions 


ILI 


Input Leakage 






10 


mA 


ViN = Vdd 


'LO 


Output Leakage 






10 


A^A 


vqut = Vdd 


V|H 


Input High Voltage 


2.6 






V 




V|L 


Input Low Voltage (All Inputs) 






0.8 


V 




VOH 


Output High Voltage 


2.8 






V 


10 = -100 uA 


VOL 


Output Low Voltage 






0.45 


V 


lO = 10 mA 



TIMING CHARACTERISTICS 

TA = 0°C to 70°C, Vpp = +12V ± .6V, 



'BB 



= -5V ± .25V. V 



SS 



OV, V 



CO 



= +5V + .25V 



NOTE: Timings are given for 2 MHz Clock. For those 
timings noted, values will double when chip is oper- 
ated at 1 MHz. Use 1 MHz when using mini-floppy. 



Read Operations 



Symbol 


Characteristic 


Min. 


Typ. 


Max. 


Units 


Conditions 


TSET 


Setup ADDR and OS to RE 


100 






nsec 




THLD 


Hold ADDR and OS from RE 


10 






nsec 




TRE 


RE Pulse Width 


450 






nsec 


Cl = 25 pf 


TDRR 


DRQ Reset from RE 






750 


nsec 




TIRR 


INTRO Reset from RE 






3000 


nsec 




TDACC 


Data Access from RE 






450 


nsec 


Cl = 25 pf 


TDOH 


Data Hold from 


50 




150 


nsec 


Cl = 25 pf 


Write Operations 


Symbol 


Characteristic 


Min. 


Typ. 


Max. 


Units 


Conditions 


TSET 


Setup ADDR and OS to WE 


100 






nsec 




THLD 


Hold ADDR and OS from WE 


10 






nsec 




TWE 


WE Pulse Width 


450 


300 




nsec 




TDRR 


DRQ Reset from WE" 






750 


nsec 




TIRR 


INTRQ Reset from WE 






3000 


nsec 


See Note 


TDS 


Data Setup to WE 


350 






nsec 




TDH 


Data Hold from WE 


150 






nsec 




External Data Separation (XTDS = 0) 


Symbol 


Characteristic 


Min. 


Typ. 


Max. 


Units 


Conditions 


TPWX 


Pulse Width Read Data & Read Clock 


150 




350 


nsec 




TCX 


Clock Cycle External 


2500 






nsec 




TDEX 


Data to Clock 


500 






nsec 




TDDX 


Data to Data Cycle 


2500 






nsec 
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INTRO ^ 1 




DATA VALID (Bali 

READ DATA 

(BUFFERS TR1-STATED1 



NOTE: 

1 C5 MAY BE PERMANENTLY TIED LOW IF DESIRED 

2. FOR READ TRACK COMMAND. THIS TIME MAY BE tZ' TO 32' USEC WHEN S 0 
' Iwrvic* WORST CA8E2efiSEC. 
'TIME DOUBLES WHEN CLK - 1 MHZ 



NOTE 

1 CS MAY BE PERMANENTLY TIED LOW IF DESIRED 

2 WHEN WRITING DATA INTO THIS SECTOR. TRACK. OR DATA REGISTER USER CANNOT 
READ THIS REGISTER UNTIL AT LEAST 8 MSEC AFTER THE RISING EDGE OF Wl WHEN 
WRITING INTO THE COMMAND RGGISTER. STATUS IS NOT VALID UNTIL SOME 20uSEC 
LATER THESE TIMES ARE DOUBLED WHEN CLK i MHZ 

3- l|wvlc* WORST CASE 24tiSEC 

* ■ TIME DOUBLES WHEN CLK 1 MHZ 



READ ENABLE TIMING 



WRITE ENABLE TIMING 



XTDS < 0 
EXTERNAL DATA 
SEPARATION 

n 

FDCLOCK 1 1 1 


n 


P~ MISSING 
' CLOCK 

n 1 


h OX 

FDDATA i 


^ cx— 

n 


n n_ 


NOTE 

1 ABOVE TIMES ARE DOUBLED V 

2 CONTACT WOC FOR EXTERNA 
3. FOCLKANDFDDATAMAYBERE 


U T 

HEN CLK : 1 MHZ 

CLOCK-DATA SEPARATOR CIRCUITS 
VERSED F01771 DECIDES WHAT IS CLO 


DOX ■■ 

CK AND WHAT IS 


" ^cx — ^ 

)ATA 



READ TIMING (XTDS = 0) 



Internal Data Separation (XTDS = 1) 



Symbol 


Characteristic 


MIn. 


Typ. 


Max. 


Units 


Conditions 


TPWI 


Pulse Width Data and Clock 


150 




1000 


nsec 






TCI 


Clock Cycle Internal 


3500 




5000 


nsec 






Write Data Timing 


Symbol 


Characteristic 


MIn. 


Typ. 


Max. 


Units 


Conditions 


TWGD 


Write Gate to Data 




1200 




nsec 


300 nsec ± CLK tolerance 


TPWW 


Pulse Width Write Data 


500 




600 


nsec 






TCDW 


Clock to Data 




2000 




nsec 




± CLK tolerance 


TCW 


Clock Cycle Write 




4000 




nsec 




± CLK tolerance 


TWGH 


Write Gate Hold to Data 


0 




100 


nsec 






Miscellaneous Timing 


Symbol 


Characteristic 


Min. 


Typ. 


Max. 


Units 


Conditions 


TCDi 


Clock Duty 


175 






nsec 




2 MHz ± 1 % See Note 


TCD2 


Clock Duty 


210 






nsec 






TSTP 


Step Pulse Output 


3800 




4200 


nsec 


• 




TDIR 


Direct Setup to Step 


24 






nsec 






TMR 


Master Reset Pulse Width 


10 






nsec 




>^These times doubled 


TIP 


Index Pulse Width 


10 






nsec 




when CLK = 1 MHz 


TWF 


Write Fault Pulse Width 


10 






nsec 
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XTDS 1 

INTERNAL DATA 
SEPARATION FDCLOCK 
MUST BE TIED HIQH 



Fi Fi m__ 



LEADING EDGE C 



SHADED AREA 



READ TIMING (XTDS = 1) 



m ^ 



—I h- 'cO, 



OIRC VOL 



j STEPIN 



I 1 ' h I 1 K-l k 

__rL_r^^ n_rL 



MISCELLANEOUS TIMING 



j"*^ — ^ WGD -*-| 



H h H h H k 
_m R FL_ 



L 



H h H K 



TO BE WRITTEN 



WRITE DATA TIMING 



See page 725 for ordering information. 
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Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
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implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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Printed in USA 



WESTERN DIGITAL 

CORPORATtON 

1771-01 Application Notes 



INTRODUCTION 

The FD1771--01 Floppy Disk Formatter/Controller is 
a. MOS/LSI device designed to ease the task of inter- 
facing the 8" or5'/4 (mini-floppy) disk drive to a host 
processor. It is ideally suited for a v^/ide range of 
microprocessors, providing an 8-bit bi-directional 
interface to the CPU for all control and data 
transfers. Requiring standard + 12, +5V power supp- 
lies, the 1771 is available in ceramic or plastic 40 pin 
dual-in-line packages. 

The 1771 has been designed to becompatible with the 
IBM 3740 standard. This single-density Frequency 
Modulated (FM) recording technique, records a 
clock bit between a data bit serially on each track. 
Figure 1 illustrates how a HEX "D2" is recorded. 
Note that when the data bit to be written is zero, no 
pulse or flux transition is recorded. For the 8" drive, 
there are 77 tracks, with 26 sectors on each track. 
Each sector contains 128 bytes of data. Although 
there is no "standard" format for the mini-floppy, 
most manufacturers utilize either 35 or 40 tracks per 
side, wtih 16 sectors of 128 bytes each per track. 
Both the 8" and 5V4" formats must be soft-sectored, 
i.e., there are no physical holes to denote sector 
locations. The hard-sectored disk has been losing 
popularity, mainly due to the fact that the sector 
lengths cannot be increased. 

Being soft-sector compatible, the 1771 must know 
where each sector begins on the track. This is per- 
formed by using Address Marks. These bytes are 
recorded on the disk with certain clock pulses miss- 
ing, and are unique from all other data and gap bytes 
recorded on the track. Six distinct Address Marks 
can be used: 



Description 


Data 


Clock 
Pattern 


Index Address Mark 


PC 


D7 


ID Address Mark 


FE 


C7 


Data Address Mark 


FB 


C7 


User defined 


FA 


C7 


User Defined 


F9 


C7 


Deleted Address Mark 


F8 


C7 



The two "User Defined" Address Marks are unique 
to the 1771, and do not appear in the IBM 3740 
standard. These Address Marks can be used to 



define the type of data i.e., "object" or "text" data, 
alternate sector data, or any other purpose the user 

chooses. 

PROCESSOR INTERFACE 

The 1771 contains five internal registers that can be 
accessed via the 8-bit DAL lines by the CPU. These 
registers are used to control the movement of the 
head, read and write sectors, and perform aU other 
functions at the drive. Regardless of the operation 
performed, it must be initiated through one or more 
of these registers. They are selected by a proper 
binary code on the AO, A1 lines in conjunction with 
the RE and WE lines when the device is selected. 
The registers and their addresses are: 



cs 


A, 


Ao 


RE = 0 


WE = 0 


0 


0 


0 


STATUS REG 


COMMAND REG 


0 


0 


1 


TRACK REG 


TRACK REG 


0 


1 


0 


SECTOR REG 


SECTOR REG 


0 


1 


1 


DATA REG 


DATA REG 


1 


X 


X 


Deselected 


Deselected 



Command Register: This is a write-only register 
used to send all commands to the 1771. 

Status Register: This is a read-only register that 
must be read at the completion of every command to 
determine whether execution was successful. It 
may also be used to monitor command execution, 
and to sense when data is required by the drive for 
read or write operations. 

Track Register: This R/W register holds the current 

position of the R/W head. 

Sector Register: This R/W register holds the desired 
sector number for read and write commands. 

Data Register: This R/W register contains the data 
to be read or written to a particular sector. 

INTERRUPTS 

There are two INTERRUPT lines for CPU use. These 
are the DRQ (Data Request) and INTRO (Interrupt 
Request). These are active high, open drain outputs 
and require a pull-up resistor of 10K or greater to 
+5V. Both of these signals also appear in the status 
register as the Busy (INTRO) and the data request 
(DRQ) bits. The user has the option of utilizing these 
hardware lines for system interrupts, or through 
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software by polling the status register. The choice is 
dependent upon the particular nnicroprocessorand 
support hardware of the systenn. 

INTRO: This line is used to signify the completion of 
any command. It is reset low when a new command 
is loaded into the command register, or when the 
status register is read. 

DRQ: This line is active high whenever the data reg- 
ister requires servicing. During a read command, it 
signifies that the data register contains a byte of 
data from the disk and may be read by the CPU. Dur- 
ing a write command, it signifies that the data regis- 
ter is empty and may be loaded with the next byte to 
be written on the disk. The DRQ line is reset whe- 
never the data register is read or written to. It is also 
reset when a new command is loaded into the com- 
mand register, providing the new command is not a 
Forced Interrupt, and the 1771 is not busy (Busy Bit = 0). 
WRITE SECTOR 

With the use of the WRITE SECTOR command, the 
CPU can access any desired sector(s) in a track. 
Prior to loading this command, the R/W head of the 
drive must be positioned over the specific track. 
This can be first accomplished with the use of any of 
the Type I commands. Once positioned, the CPU 
must load the desired sector number into the sector 
register, then issue the command. The head will 
load, and the 1771 will begin searching for the cor- 
rect ID field. If the correct sector and track is not 
found within 2 revolutions of thedisk,theRECORD- 
NOT-FOUND bit will be set in the status register, 
and the command will be terminated. Once found, 
the 1 771 will issue a DRQ in request of the first data 
byte to be written. Once the data register is loaded, 
the 1771 will issue a DRQ for each byte to be 
recorded, until the entire sector is written. FortheS" 
drive, the user must load the data register 24 
microseconds after a DRQ is generated. Failure to 
meet this time will cause the lost data bit to be set, 
and a byte of zeros substituted and written on the 
disk. 

READ SECTOR 

The READ SECTOR command functions in much 
the same way as the WRITE SECTOR command. 
The sector register must again be loaded with the 
desired sector number, before the read command 
can be loaded. After the ID field has been found, the 
1771 will begin generating DRQ's, withthedata reg- 
ister being loaded with each byte of the sector field. 
For the 8" drive, the user must read the data register 
at least 26 microseconds after the DRQ is 
generated. Failure to meet this time will cause the 
lost data bit to be set in the status register, while the 
next assembled byte will overwrite the contents of 
the data register. 

Both the Read and Write sector commands also 



contain an "m" flag for accessing multiple sectors. 
The sector register is incremented internally after 
each sector is read or written to. Eventually the sec- 
tor register will exceed the physical number of sec- 
tors on the track. The user can either issue the 
Forced Interrupt command after the last sector, or 
wait for the 1 771 to interrupt out. In the latter case, 
the RECORD-NOT-FOUND status bit will be set. 

FLOPPY DISK INTERFACE 

For the most part, the actual Floppy Disk Interface 
will consist mainly of Buffer/Drivers. Most drives 
manufactured today require an open collector TTL 
interface, with appropriate resistor terminal net- 
works. Figure 2 shows the interface of the 1771 to a 
Shugart SA400 Drive. Aside from the data seperator, 
the interface consists mainly of 7438'sand7414TTL 
gates. A 9602 one-shot is used for the desired head 
load delay. In this illustration, the 6800 micropro- 
cessor is used via a 6820 Peripheral Interface Adap- 
ter to control all functions of the 1771. Similarly, 
other paral lei port devices (such as the 8255 for 8080 
systems) can be used for the interface, or the 1771 
may simply be tied directly to the systems data bus 
and control lines, providing TTL loading factors are 
observed. 

DATA SEPERATION 

The internal DAT A SEP ERATOR of the 1771 can be 
used by tying the XTDS line high, and supplyingthe 
combined clock and data pulses on the FD data line. 
In orderto maintain an error rate better than 1 in 10*, 
and external data seperator is recommended. 

Since the 1771 system clock is at 2 MHz, this allows 
for a 500 ns resolution. The internal data window will 
move 500 ns with respect to the incoming data bit. 
On the inner tracks of the drive, the bit shift is more 
severe and may occasionally cause a data or clock 
bit to fall outside of this data window. Since the 1771 
will perform up to 5 retries, this error rate may be 
acceptable for some applications. 

When the XTDS line is forced low, the 1771 will 
accept separated clock and data on the FDCLOCK 
and FDDATA lines. Figure 3 illustrates the timing of 
these signals. The actual FDCLOCK and FDDATA 
lines may be reversed; the 1771 will determine which 
line is clock and which is data when an Address 
Mark is detected. This feature greatly simplifies the 
design of the data seperator. 

Figure 4 illustrates the Phase-Lock Loop method for 
data seperation. The circuit operates at8 MHz, or32 
times the frequency of a received bit cell. The 
MC4024 VCO is used to supply the nominal clock 
frequency. The first 74LS161 counter provides a 
divide by 16 frequency and a carry to one side of the 
MC4044 phase detector. The other input of the 
MC4044 is tied to another 74LS161 counter which is 
affected by the incoming data stream. The output of 
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the phase detector is a signal proportional to the dif- 
ferences of the incoming pulses. This is then fed 
through a low pass filter, and to the input of the 
MC4024 to adjust the output frequency. Figures 5 
thru 8 illustrate other types of data seperators. 



These employ the "Counter Seperator" techniques 
and are quite different from the Phase-Lock-Loop 
method. With the addition of "One-Shot" delay ele- 
ment or an input clock, most of the complexity of the 
PPL circuit can be eliminated. 



















BIT 0 


BIT 1 


BIT 2 


BIT 3 


BIT 4 


BITS 


BIT 6 


BIT 7 


1 


1 


0 


1 


0 


0 


1 


0 



FIGURE 1. FM RECORDING. 
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FIGURE 2. 1771 TO SHUGART SA400 DRIVE 
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XTDS = 0 
EXTERNAL DATA 
SEPARATION 



_n 



_rL 



TpwX 



NfllSSING 
CLOCK 



h" ■'^cx — 

MISSING 
DATA 




"""cx — 

n 


1^ '''pwx 1* "''pwx 

n n 


MIN NOTE: 


TpEx — ^ 


To 


— '''dex — » 

DX » 





3000 NS MAX 1 ABOVE TIMES ARE DOUBLED WHEN CLK = 1 MHZ 
Tqj - 3500-5000 NS. 



FIGURE 3. EXTERNAL DATA SEPERATOR TIMING. 



RAW 
DATA 



[-»4mS-*-| 

—fUUL 

• NOMINAL 



K 70 
4C 




PE LD 



A sT 6? 

LD A B C D 



MC QAQBOCQD 



I 13|12 
'N/C N/C 



g^ ^FDDATA^ ^ 
- ^^^ ^DCLOCK^ -^ 



LD A 

74LS161 

; TC 
MC QAQBOCQD 



1114 13 12| 1 



"T sT eT 

LD A 8 C 0 



MC OA QB QC QD 
Juj isj 12I 111 




15-60PF OR 33PF FIXED ± 5% 



N/C N/C N/C N/C 



GJ 



2ZK 01 UF 




82011 5| 7j 9j 13[ 



FIGURE 4. CIRCUIT PROVIDED COURTESY OF MOTOROLA AND ICOM CORPS. 
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UNSEPERATEDDATA 



JLTLTL 



s j 

NOMINAL 



" I 



FDDATA 1 



7496 10 



4>- 




FIGURE 5. CIRCUIT PROVIDED COURTESY OF PROCESSOR APPLICATIONS LTD. 
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UNSEPARATED 
DATA FROM 
DRIVE 



o 
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7474 
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TOGGLE 



D Q 
74175 



^1 



D Q 
74175 




L CD 

74161A 
D OR 
Q 74163A c 

B EP 



{> — : 



(TO FD1771-01) 



!lj;;^FDDATA/CLK 



(USE 2MHZ CLK FOR MINI-DRIVES) 



FIGURE 6. 
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-si 



RAW 
DATA 



JUL 

7404 



"inr 




JT 



5»tSEC 



3 Y 
+ 5V 



+ 5V 



9 IOmSEC 



680PF 5.1K 



I— b 



+ 5V 



3aiSEC 



RAW DATA 

SEP DATA _n__n_rLJL_ri_n__rL_ 
SEPCLK ri_J \ L_rL_ 



H6-6 



1/iSEC 


h 1 




3 < 3 1 




,0 HI- 




^ »sEc »>r 



• SEP CLK 
■ SEP DATA 



^ MISSING CLOCKS 



FIGURE 7. CIRCUIT PROVIDED COURTESY OF ACUTEST CORP. 
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7400 Vv8 
12 101 A1 



1200PF 4 5Ky 



1200PF 3 



SS2 

3.0mS 




SS3 
2,0nS 

C2 



>cu 



r 



hoi 7410 Vvi 



^<:j>>o^ 



'P"" 4 7K 5K / 



14 



3.0mS 
C1 O 



13 



DC D C D C D 
READ DATA J|_J1 (LJLJLJLJL 



C C 

Jl (L 



■ SEP DATA 



1 u u u u If 



SS1 (Q) -Jl n rL_j 

ss2,5, 1 _n n n n n n 



SS3 (C) 
A2-6 (QJ 



i_r 



Jl TL- 



FIGURE 8. CIRCUIT PROVIDED COURTESY OF SHUGART ASSOCIATES. 



149 



Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license Is granted by 
Implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 



150 



Printed in U.S.A 



WESTERN DIGITAL 



O N 



FD1781/FD1781-01 Floppy Disk Formatter/Controller 



FEATURES 

«► SOFT SECTOR FORMAT COMPATIBILITY 

AUTOMATIC TRACK SEEK WITH 
VERIFICATION 

• ACCOMMODATES SINGLE AND DOUBLE 
DENSITY FORMATS 

READ MODE 

Single/Multiple Record Read with Automatic 
Sector Search or Entire Track Read 
Selectable 128 Byte or Variable Length Record 

" WRITE MODE 

Single/Multiple Record Write with Automatic 
Sector Search 

Entire Track Write for Diskette Initialization 

• PROGRAMMABLE CONTROLS 
Selectable Track to Track Stepping Time 
Selectable Head Settling and Head Engage Times 

• SYSTEM COMPATIBILITY 

Double Buffering of Data 8 Bit Bi-Dlrectional Bus 
for Data, Control and Status 
DMA or Programmed Data Transfers 
All Inputs and Outputs are TTL Compatible 
On-chip Track and Sector Registers Com- 
prehensive Status Information 



APPLICATIONS 

FLOPPY DISK DRIVE INTERFACE 

SINGLE OR MULTIPLE DRIVE CONTROLLER/ 
FORMATTER 

NEW MINI-FLOPPY CONTROLLER 
GENERAL DESCRIPTION 

The FD1781 is a MOS/LSI device that performs the 
functions of a Floppy Disk Controller/Formatter. The 
device is designed to be included in the disk drive 
electronics, and contains a flexible interface organi- 
zation that accommodates the interface signals from 
most drive manufacturers. When in the single density 
mode the FD1781 is fully IBM-3740 compatible. In the 
double density mode, the type of encoding scheme 
is a function of the user's data recovery circuits. In 
this manner both M'FM or MFM is obtainable. 

In Double Density Mode, the FD1781 allows 17 bytes 
for CAP2, while the FD1781-01 allows 34 bytes for 
this field. All other gap lengths can be fully defined 
by the user. 

The FD1781 is fabricated in N-channel Silicon Gate 
MOS technology and is TTL compatible on all inputs 
and outputs. 
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Figure 1. 1781 SYSTEM BLOCK DIAGRAM 
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PIN OUTS 



PIN 








NUMBER 


PIN NAME 


SYMBOL 


FUNCTION 


20 


POWER SUPPLIES 


vss 


Ground 


21 




vcc 


+ 5V 


40 




vdd 


+ 12V 


19 


MASTER RESET 


MR 


A logic low on this input resets the device and 
clears the command register. The Not Ready 
(Status Bit 7) is reset during MR ACTIVE. When 
MR is brought to a logic high a Restore Com- 
mand is executed, regardless of the state of the 
Ready signal from the drive. 


COMPUTER INTERFACE: 






7-14 


DATA ACCESS LINES 


DAL0-DAL7 


Eight bit inverted Bidirectional bus used for 
transfer of data, control, and status. This bus is 
a receiver gabled by WE or a transmitter 
enabled by RE. 


3 


CHIP SELECT 


CS 


A logic low on this input selects the chip and 
enables computer communication with the 
device. 


5,6 


REGISTER SELECT 


A0,A1 


These inputs select the register to receive/ 




LINES 


transfer data on the DAL lines under RE and WE 
control: 

A1 AO RE WE 
0 0 Status Reg Command Reg 

0 1 Track Reg Track Reg 

1 0 Sector Reg Sector Reg 
1 1 Data Reg Data Reg 


4 


ncAU cNAbLb 


RE 


A logic low on this input controls the placement 
of data from a selected register on the DAL 
when CS is low. 


2 


WRITE ENABLE 


WE 


A logic low on this input gates data on the DAL 
into the selected register when CS is low. 


38 


DATA REQUEST 


DRQ 


This open drain output indicates that the DR 
contains assembled data in Read operations, or 
the DR is empty in Write operations. This signal 
is reset when serviced by the computer through 
reading or loading the DR in Read or Write 
operation, respectively. Use 10K pull-up resistor 
to -1-5. 


39 


INTERRUPT REQUEST 


INTRO 


This open drain output is set at the completion 
or termination of any operation and is reset 
when a new command is loaded into the com- 
mand register. Use 10K pull-up resistor to -t- 5. 


24 


CLOCK 


CLK 


This input requires a free-running square wave 
clock for internal timing reference. 


FLOPPY DISK INTERFACE: 






25 


ADDRESS MARK 
DETECT IN 


AMIN 


Indicates to the FD1781 that an address mark 
has been detected. The FD1781 assumes the 
next three data bits defines the type of address 
mark encountered. 


26 


INPUT STROBE 


INSTR 


Indicates that INDATA is VALID. 


27 


INPUT DATA 


INDATA 


The external data recovery circuits present 
INDATA as an input to the FD1781. INDATA 
must be valid when INSTR is active, see timing. 


31 


OUTPUT DATA 


OTDATA 


The FD1781 presents output data and is valid 
when OTSTR is active. 


28 


HEAD LOAD 


HLD 


The HLD output controls the loading of the 
Read-Write head against the media. The HLT 
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PIN 








NUMBER 


PIN NAME 


SYMBOL 


FUNCTION 


23 


HEAD LOAD TIMING 


HLT 


input is sampled every 15 nsec. When a logic 
high is found on the HLT input the head is 
assumed to be engaged. 


15 


STEP 


STEP 


Step and direction motor control. The step out- 
put contains a 2 ^sec high signal for each step 
and the direction output is active high when 


16 


DIRECTION 


DIRC 


stepping in, active low when stepping out. 


17 


OUTPUT STROBE 


OTSTR 


OTSTR when active indicates when the Output 
data is valid. The leading edge of OTSTR is 
centered about the data. (See timing) OTSTR 
becomes Write Data (WD) when DDEN = 1. 


18 


ADDRESS MARK OUT 


AMOT 


AMOT when active informs the external data 
recovery circuits to write a unique data marl< in 
double density mode. AMOT is valid for three 
data bits if CLK mark = 07. 


29 


TRACK GREATER 
THAN 43 


TG43 


This output informs the drive that the Read- 
Write head is positioned between track 44-76. 
This output is valid only during Read and Write 
Commands. 


30 


WRITE GATE 


WG 


This output is made valid when writing is to be 
performed on the diskette. 


32 


READY 


READY 


This input indicates disk readiness and is 
sampled for a logic high before Read or Write 
commands are performed. If Ready is low the 
Read or Write operation is not performed and an 
Interrupt is generated. A Seek operation is 
performed regardless of the state of Ready. The 
Ready input appears in inverted format as 
Status Register bit 7. 


33 


WRITE FAULT 


WF 


This input detects writing faults indications 
from the drive. When WG = 1 and WF goes low 
the current Write command is terminated and 
the Write Fault status bit is set. The WF input 
should be made inactive (high) when WG 
becomes inactive. 


34 


TRACK 00 


Troo 


This input informs the FD1781 that the Read- 
Write head Is positioned over Track 00 when a 
logic low. 


35 


INDeX PULSE 


IP 


Input, when low for a minimum of 10 jusec, 
informs the FD1781 when an index mark is 
encountered on the diskette. 


36 


WRITE F^ROTECT 


WPRT 


This input is sampled whenever a Write 
Command is received. A logic low terminated 
the command and sets the Write Protect Status 
bit. 


37 


DOUBLE DENSITY 


DDEN 


This pin selects either single or double density 
operation. When DDEN = 0, double density is 
selected. When DDEN = 1, single density is 
selected. 


22 


TEST 


TEST 


This Input Is used for testing purposes only and 
should be tied to -i- 5V or left open by the user. 
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ORGANIZATION 

"Tj The Floppy Disk Formatter block diagram is illus- 

2 trated above. The primary sections include the 
-sl parallel processor interface and the Floppy Disk 
00 interface. 

3 Data Shift Register — This 8-bit register assembles 
serial data from the Read Data input (INDATA) during 

^ Read operations and transfers serial data to the Write 

2 Data output during Write operations. 

o 

-* Data Register — This 8-bit register is used as a 
holding register during Disk Read and Write 
operations. In Disk Read operations the assembled 
data byte is transferred in parallel to the Data 
Register from the Data Shift Register. In Disk Write 
operations information is transferred in parallel from 
the Data Register to the Data Shift Register. 

When executing the Seek command the Data 
Register holds the address of the desired Track 
position. This register can be loaded from the DAL 
and gated onto the DAL under processor control. 

Track Register — This 8-bit register holds the track 
number of the current ReadAA/rite head position. It is 
incremented by one every time the head is stepped in 
(towards track 76) and decremented by one when the 
head is stepped out (towards track 00). The contents 
of the register are compared with the recorded track 
number in the ID field during disk Read, Write, and 
Verify operations. The Track Register can be loaded 
from or transferred to the DAL. This Register should 
not be loaded when this device is busy. 

Sector Register (SR) — This 8-bit register holds the 
address of the desired sector position. The contents 
of the register are compared with the recorded sector 
number In the ID field during disk Read or Write 
operations. The Sector Register contents can be 
loaded from or transferred to the DAL. This register 
should not be loaded when the device is busy. 

Command Register (CR) — This 8-bit register holds 
the command presently being executed. This register 
should not be loaded when the device is busy unless 
the execution of the current command is to be 
overridden. This latter action results in an interrupt. 
The command register can be loaded from the DAL, 
but not read onto the DAL 

Status Register (STR) — This 8-bit register holds 
device Status information. The meaning of the Status 
bits are a function of the contents of the Command 
Register. This register can be read onto the DAL, but 
not loaded from the DAL 

CRC Logic — This logic is used to check or to 
generate the 16-bit Cyclic Redundancy Check (CRC). 
The polynomial is: G(x) = x^^ x^^ -i- x^ -i- 1. 



The CRC includes all information starting with the 
address mark and up to the CRC characters. The 
CRC register is preset to ones prior to data being 
shifted through the circuit. 

Arithmetic/Logic Unit (ALU) — The ALU is a serial 
comparator, incrementer, and decrementer and is 
used for register modification and comparisons with 
the disk recorded ID field. 

Timing and Control — All computer and Floppy Disk 
Interface controls are generated through this logic. 
The internal device timing is generated from an 
external crystal clock. 

The FD1781 has two diff erent m odes of oper ation 
according to the state of DDEN. VVhen DDEN = 0 
double density is assumed. When DDEN = 1, single 
density is assumed. During disk read operations, the 
user must provide both data recovery and address 
mark detection circuits external to FD1781 in both 
single and double density modes. Thus for disk read 
operations, the user must provide as an input to the 
FD1781 Data (INDATA) a strobe to indicate when the 
data is valid (INSTR) and address mark detect (AMIN). 
During disk write operations and in the double 
density mode, the FD1781 provides as outputs Data 
(OTDATA), a strobe to indicate validity (OTSTR) and 
Address Mark Out (AMOT). During disk write opera- 
tion and in the single density mode, OTSTR becomes 
Write Data (WD) which is exactly the same as in the 
FD1771. 



PROCESSOR INTERFACE 

The interface to the processor is accomplished 
through the eight Data Access Lines (DAL) and 
associated control signals. The DAL are used to 
transfer Data, Status, and Control words out of, or 
into the FD1781. The DAL are three state buffers that 
are enabled as outwjt drivers when Chip Select (CS) 
and Read Enable (RE) are active (low l ogic state) or 
act as input receivers when CS and Write Enable 
(WE) are active. 

When transfer of data with the Floppy Disk Controller 
is required by the host processor, the device address 
is decoded and CS is made low. The least-significant 
address bits A1 and AO, combined with the signals 
RE during a Read operation or WE during a Write 
operation are interpreted as selecting the following 
registers: 



A1A0 


READ (RE) 


WRITE (WE) 


0 


0 


Status Register 


Command Register 


0 


1 


Track Register 


Track Register 


1 


0 


Sector Register 


Sector Register 


1 


1 


Data Register 


Data Register 
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During Direct Memory Access (DMA) types of data 
transfers between the Data Register of thre FD1781 
^ and tfie processor, the Data Request (DRQ) output 
2 is used in Data Transfer controi. This signai also 
-S appears as status bit 1 during Read and Write 
2 operations. 

Tl 

Q On Disl< Read operations the Data Request is ac- 
^ tivated (set high) when an assembled serial input 
2^ byte is transferred in parallel to the Data Register. 
^ This bit is cleared when the Data Register is read by 
O the processor. If the Data Register is read after one or 
more characters are lost, by having new data trans- 
ferred into the register prior to processor readout, the 
Lost Data bit is set in the Status Register. The Read 
operation continues until the end of sector is 
reached. 

On Disk Write operations the Data Request is ac- 
tivated when the Data Register transfers its contents 
to the Data Shift Register, and requires a new data 
byte. It is reset when the Data Register is loaded with 
new data by the processor. If new data is not loaded 
at the time the next serial byte is required by the 
Floppy Disl<, a byte of zeroes is written on the 
diskette and the Lost Data bit is set in the Status 
Register. 

The Lost Data bit and certain other bits in the Status 
Register will activate the interrupt request (INTRO). 
The interrupt line is also activated with normal 
completion or abnormal termination of all controller 
operations. The INTRO signal remains active until 
reset by reading the Status Register to the processor 
or by the loading of the Command Register. In ad- 
dition, the INTRO is generated if a Force Interrupt 
command condition is met. 

FLOPPY DISK INTERFACE 

The Floppy Disk interface consists of head posi- 
tioning controls, write gate controls, and data 
transfers. The Clock (CLK) input is normally a free- 
running 2 MHz ±1% when in the double density 
mode and 1 MHz ±1% when in the single density 
mode. However when using a mini-floppy, the CLK is 
normally 1 MHz when in double density mode and 1/2 
MHz when in the single density mode. 

HEAD POSITIONING 

Four commands cause positioning of the Read-Write 
head (see Command Section). The period of each 
positioning step is specified by the r field in bits 1 
and 0 of the command word. After the last directional 
step an additional 15 milliseconds of head settling 
time takes place. The four progammabie stepping 
rates are tabulated below. 

The rates (shown in Table 1) can be applied to a Step- 
Direction Motor through the device interface. 



Step — A 2 /^s pulse is provided as an output to the 
drive. For every step pulse issued, the drive moves 
one track location in a direction determined by the 
direction output. 

Direction (DIRC) — The Direction signal is active high 
when stepping in and low when stepping out. The 
Direction signal is valid 12fxs before the first stepping 
pulse is generated. 

When a Seek, Step or Restore command is executed 
an optional verification of Read-Write head position 
can be performed by setting bit 2 in the command 
word to a logic 1. The verification operation begins at 
the end of the 15 millisecond settling time after the 
head is loaded against the media. The track number 
from the first encountered ID Field is compared 
against the contents of the Track Register. If the 
track numbers compare and the ID Field Cyclic 
Redundancy Check (CRC) is correct, the verify 
operation is complete. If track comparison is not 
made but the CRC checks, an interrupt is generated, 
the Seek Error status (Bit 4) is set and the Busy status 
bit is preset. 



TABLE 1 
STEPPING RATES 



CLK 


2 MHz 


1 MHz 


1 MHz 


1/2 MHz 


2 MHz 


1 MHz 


DDEN 


0 


1 


0 


1 






R1 RO 


TEST=1 


TEST=1 


TEST=1 


TEST = 1 


fEST = 0 


fEST = 0 


0 0 


3 ms 


3 ms 


6 ms 


6 ms 


Approx. 


Approx. 


0 1 


6 ms 


6 ms 


12 ms 


12 ms 


400)^3 


800^^3 


1 0 


10 ms 


10 ms 


20 ms 


20 ms 




1 1 


20 ms 


20 ms 


40 ms 


40 ms 







The Head Load (HDL) output controls the movement 
of the read/write head against the disk for data 
recording or retrieval. It is activated at the beginning 
of a Read, Write (E Flag On) or Verify Operation, or a 
Seek or Step operation with the head load bit, h, a 
logic one, and remains activated until the 15th index 
pulse following the last operation which uses the 
read/write head. Reading or Writing does not occur 
until a minimum of 15 msec delay after the HDL 
signal is made active. If executing the type 2 com- 
mands with the E flag off, there is no 15 msec delay 
and the head is assumed to be engaged. The delay is 
determined by sampling of the Head Load Timing 
(HLT) input every 15 msec. A high logic state input, 
generated from the Head Load output transition and 
delayed externally, identifies engagement of the head 
against the disk. In the Seek and Step commands, 
the head is loaded at the start of the command 
execution when the h bit is a logic one. In a verify 
command the head is loaded after stepping to the 
destination track on the disk whenever the h bit is a 
logic zero. 

DISK READ OPERATION 

The normal sector length for Read or Write opera- 
tions with the IBM 3740 format is 128 bytes. This 
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format or binary multiples of 128 bytes will be 
adopted by setting a logic 1 in Bit 3 of the Read Track 
and Write Track commands. Additionally, a variable 
sector length feature is provided which allows an 
indicator recorded in the ID Field to control the 
length of the sector. Variable sector lengths can be 
read or written in Read or Write commands respec- 
tively by setting a logic 0 in Bit 3 of the command 
word. The sector length Indicator specifies the 
number of 16 byte groups or 16 x N, where N is equal 
to 1 to 256 groups. An indicator of all zeroes is inter- 
preted as 256 sixteen byte groups. 

DISK WRITE OPERATION 

When writing is to take place on the diskette the 
Write Gate (WG) output is activated, allowing current 
to flow into the ReadAA/rite head. As a precaution to 
erroneous writing the first data byte must be loaded 
into the Data Register in response to a Data Request 
from the FD1781 before the Write Gate signal can be 
activated. 



TABLE 2 
COMMAND SUMMARY 



BITS 


TVDC 


UUIVIIVlAIMLI 


1 


0 


c 

o 


A 
H 


o 

o 


o 


1 


u 




Restore 


0 


0 


0 


0 


h 


V 


n 


ro 


j 


Seek 


0 


0 


0 


1 


h 


V 


n 


ro 




Step 


0 


0 


^ 


u 


h 


V 


' 1 


'U 




Step In 


0 


1 


0 


u 


h 


V 


ri 


ro 




Step Out 


0 


1 


1 


u 


h 


V 


ri 


ro 


II 


Read Command 




0 


0 


m 


b 


E 


0 


0 


II 


Write Command 




0 


1 


m 


b 


E 


X 


ao 


III 


Read Address 




1 


0 


0 


0 


1 


0 


0 


III 


Read Track 




1 


1 


0 


0 


1 


0 


s 


III 


Write Track 




1 


1 


1 


0 


1 


0 


0 


IV 


Force Interrupt 




1 


0 


1 


l3 


l2 


ll 


lO 



X = Don't care 



00 



00 



Writing is inhibited when the Write Protect input is a 
logic low, in which case any Write command is 
immedi ately termina ted, an interrupt is generated 
and the Write Protect status bit is set. The Write Fault 
input, when activated, signifies a writing fault con- 
dition detected in disk drive electronics such as 
failure to detect write current flow when the Write 
Gate is activated. On detection of this fault the 
FD1781 terminates the current command, and sets 
the Write F ault bit (bit 5) in the Status Word. The 
Write Fault input should be made inactive when the 
Write Gate output becomes inactive. 

Whenever a Read or Write command is received the 
FD1781 samples the Ready input. If this input Is logic 
low the command is not executed and an interrupt Is 
generated. The Seek or Step commands are per- 
formed regardless of the state of the Ready Input. 

COMMAND DESCRIPTION 

The FD1781 will accept and execute eleven com- 
mands. Command words should only be loaded in 
the Command Register when the Busy status bit is 
off (Status bit 0). The one exception is the Force 
Interrupt command. Whenever a command is being 
executed, the Busy status bit is set. When a com- 
mand is completed, an interrupt is generated and the 
Busy status bit is reset. The Status Register indicates 
whether the completed command encountered an 
error or was fault free. For ease of discussion, 
commands are divided into four types. Commands 
and types are summarized in Table 2. 

TYPE I COMMANDS 

The Type I Commands include the Restore, Seek, 
Step, Step-in, and Step-Out commands. Each of the 
Type I Commands contain a rate field (rori), which 
determines the stepping motor rate as defined in 
Table 1, page six. 



TABLE 3 
FLAG SUMMARY 



TYPE I 



h = Head Load Flag (Bit 3) 

h = 1, Load head at beginning 

h = 0, Do not load head at beginning 

V = Verify flag (Bit 2) 

V = 1, Verify on last track 

V = 0, No verify 

r-(ro = Stepping motor rate (Bits 1-0) 
Refer to Table 1 for rate summary 

u = Update flag (Bit 4) 
u = 1, Update Track register 
u = 0, No update 



TABLE 4 
FLAG SUMMARY 



TYPE 11 



m = Multiple Record flag (Bit 4) 

m = 0, Single Record 

m = 1, Multiple Records 
b = Block length flag (Bit 3) 

b = 1, IBM format (128 to 1024 bytes) 
b = 0, Non-IBm format (16 to 4096 bytes) 

ap = Data Address Mark (Bit 0) 
ao = 0, FB (Data Mark) 
ao = 1, F8 (Deleted Data Mark) 
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TABLE 5 
FLAG SUMMARY 



TYPE 



s = Synchronize flag (Bit 0) 

s = 0, Synchronize to AM 

§ = 1, Do Not Synchronize to AM 



TYPE IV 



li = Interrupt Condition flags (Bits 3-0) 

10 = 1, Not Ready to Ready Transition 

11 = 1, Ready to Not Ready Transition 

12 = 1, Index Pulse 

13 = 1, Immediate interrupt 

E = Enable HLD and 10 msec Delay 

E = 1, Enable HLD, HLTand 15 msec Delay 
E = 0, Head is assumed Engaged and there is no 
15 msec Delay 



The Type I Commands contain a head load flag (h) 
which determines if the head is to be loaded at the 
beginning of the command. If h = 1, the head is 
loaded at the beginning of the command (HLD output 
is made active). If h = 0, HLD is deactivated. Once 
the head is loaded, the head will remain engaged 
until the FD1781 receives a command that specif- 
ically disengages the head. If the FD1781 does not 
receive any commands after two revolutions of the 
disk, the head will be automatically disengaged (HLD 
made inactive). The Head Load Timing Input is 
sampled after a 15 ms delay, when reading or writing 
on the disk is to occur. 

The Type I Commands also contain a verification (V) 
flag which determines if a verification operation is to 
take place on the destination track. If V = 1, a 
verification is performed, if V = 0, no verification is 
performed. 

During verification, the head is loaded and after an 
internal 15 ms delay, the HLT input is sampled. When 
HLT is active (logic true), the first encountered ID 
field is read off the disk. The track address of the ID 
field is then compared to the Track Register; if there 
is a match and a valid ID CRC, the verification is 
complete, an interrupt is generated and the Busy 
status bit is reset. If there is not a match but there is 
valid ID CRC, an interrupt is generated, the Seek Error 
status bit (Status bit 4) is set and the Busy status bit 
is reset. If there is a match but not a valid CRC, the 
CRC error status bit is set (Status bit 3), and the next 
encountered ID field is read from the disk for the 
verification operation. If an ID field with a valid CRC 
cannot be found after four revolutions of the disk, the 
FD1781 terminates the operation and sends an in- 
terrupt, (INTRQ). 

The Step, Step-in, and Step-Out commands contain 
an Update flag (U). When U = 1, the track register is 
updated by one for each step. When U = 0, the track 
register is not updated. 



C 




SET BUSY, RESET CRC, 
SEEK ERROR, DRQ, INTRQ 





SET 
DIRECTION 



RESET 
DIRECTION 



NO .-.RESTORE 




Figure 4. TYPE I COMMAND FLOW 
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RESTORE (SEEK TRACK 0) 



Upon receipt of thi s com mand the Track 00 (TROO) 
input is sampled. If TROO is active low indicating the 
Read-Write head is positioned over tracl< 0, the Track 
Register is l oaded with zeroes and an interrupt is 
generated. If TROO is not active low, stepping pulses 
(pins 15 to 16) at a rate specified by the riror field are 
issued until the TROO input is activated. At this time 
the TR is loade d with zero es and an interrupt is 
generated. If the TROO input does not go active low 
after 255 stepping pulses, the FD1781 terminates 
operation, interrupts, and sets the Seek error status 
bit. Note that the Restore command is executed 
when MR goes from an active to an inactive state. A 
verification operation takes place if the V flag is set. 
The h bit allows the head to be loaded at the start of 
command. 

SEEK 

This command assumes that the Track Register 
contains the track number of the current position of 
the Read-Write head and the Data Register contains 
the desired track number. The FD1781 will update the 
Track register and issue stepping pulses in the ap- 
propriate direction until the contents of the Track 
register are equal to the contents of the data register 
(the desired track location). A verification operation 
takes place if the V flag is on. The h bit allows the 
head to be loaded at the start of the command. An 
interrupt is generated at the completion of the 
command. 

STEP 

Upon receipt of this command, the FD1781 issues 
one stepping pulse to the disk drive. The stepping 
motor direction is the same as in the previous step 
command. After a delay determined by the riro field, 
a verification takes place if the V flag is on. If the u 
flag is on, the TR is updated. The h bit allows the 
head to be loaded at the start of the command. An 
interrupt is generated at the completion of the 
command. 

STEP-IN 

Upon receipt of this command, the FD1781 issues 
one stepping pulse in the direction towards track 76. 
If the u flag is on, the Track Register is incremented 
by one. After a delay determined by the riro field, a 
verification takes place if the V flag is on. The h bit 
allows the head to be loaded at the start of the 
command. An interrupt is generated at the com- 
pletion of the command. 

STEP-OUT 

Upon receipt of this command, the FD1781 issues 
one stepping pulse in the direction towards track 0. If 




00 



00 





RESET DIRECTION 




SET DIRECTION 








I 






ISSUE 
ONE STEP PULSE 






DELAY ACCORDING 
TO RI.RO FIELD 








0 



Figure 5. TYPE I COMMAND FLOW 
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the u flag is on, the TR is decremented by one. After a 
delay determined by the riro field, a verification takes 
place if the V flag is on. The h bit allows the head to 
be loaded at the start of the command. An interrupt is 
generated at the completion of the command. 

TYPE II COMMANDS 

The Type II Commands Include the Read Sector (s) 
and Write Sector (s) commands. Prior to loading the 
Type II Command into the Command Register, the 
computer must load the Sector Register with the 
desired sector number. Upon receipt of the Type II 
Command, the busy status Bit is set. If the E flag = 1 
(this is the normal case) HLD is made active and HLT 
is sampled after a 15 msec delay. If the E flag Is 0, the 
head is assumed to be engaged and there is no 15 
msec delay. The ID field and Data Field format are 
shown on page 11. 

When an ID field is located on the disl<, the FD1781 
compares the Track Number of the ID field with the 
Track Register, if there is not a match, the next en- 
countered ID field is read and a comparison is again 
made. If there was a match, the Sector Number of the 
ID field is compared with the Sector Register. If there 
is not a Sector match, the next encountered ID field 
is read off the disk and comparisons again made. If 
the ID field CRC is correct, the data field is then 
located and will be either written into, or read from 
depending upon the command. The FD1781 must 
find an ID field with a Track number, Sector number, 
and CRC within four revolutions of the disk; other- 
wise, the Record not found status bit is set (Status bit 
3) and the command is terminated with an interrupt. 

Each of the Type II Commands contain a (b) flag 
which in conjunction with the sector length field 
contents of the ID determines the length (number of 
characters) of the Data field. 

For IBM 3740 compatibility, the b flag should equal 1. 
The numbers of bytes in the data field (sector) is then 
128x2"wheren = 0,1,2,3. 



For b = 1 



Sector Length 
Field (hex) 

00 
01 
02 
03 



Number of Bytes 
in Sector (decimal), 

128 
256 
512 
1024 



When the b flag equals zero, the sector length field 
(n) multiplied by 16 determines the number of bytes 
in the sector or data field as shown on page 1 1 . 




INTRQ RESET BUSY 



9 



INTRQ, RESET BUSY 
SET SEEK ERROR 



SY^ 

y 



NTRQ. RESET BUSY 
SET SEEK ERROR 



9 



NOTE: IF TEST- 0, THERE IS NO 15MS DELAY. 

IF TEST-1 ANC CLK-1 MHz. THERE IS 30MS DELAY. 



Figure 6. TYPE I COMMAND FLOW 
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For b = 0 



Sector Length 
Field (hex) 

01 
02 
03 
04 



FF 

00 



Number of Bytes 
in Sector (decimal) 

16 
32 
48 
64 



4080 
4096 



Each of the Type II Commands also contain a (m) flag 
which determines if multiple records (sectors) are to 
be read or written, depending upon the command. If 
m = 0 a single sector is read or written and an in- 
terrupt is generated at the completion of the com- 
mand. If m = 1, multiple records are read or written 
with the sector register internally updated so that an 
address verification can occur on the next record. 
The FD1781 will continue to read or write multiple 
records and update the sector register until the 
sector register exceeds the number of sectors on the 
track or until the Force Interrupt command is loaded 
into the Command Register, which terminated the 
command and generates an Interrupt. 

READ COMMAND 

Upon receipt of the Read command, the head is 
loaded, the Busy status bit set, and when an ID field 
is encountered that has the correct track number, 
correct sector number, and correct CRC, the data 
field is presented to the computer. The Data Address 
Mark of the data field must be found within 30 bytes 
in single density and 43 bytes in double density of 
the last ID field CRC byte; if not, the Record Not 
Found status bit is set and the operation is ter- 
minated. 

When the first character or byte of the data field has 
been shifted through the DSR, it is transferred to the 
DR, and DRQ is generated. When the next byte is 
accumulated in the DSR, it is transferred to the DR 
and another DRQ is generated. If the Computer has 
not read the previous contents of the DR before a 
new character is transferred that character is lost and 
the Lost Data Status bit is set. This sequence con- 
tinues until the complete data field has been inputted 
to the computer. If there is a CRC error at the end of 
the data field, the CRC error status bit is set, and the 
command is terminated (even if it is a multiple record 
command). 



At the end of the Read operation, the type of Data 
Address Mark encountered in the data field is 
recorded in the Status Register (Bits 5) as shown 
below: 



STATUS 








BITS 


DATA1 


DATA 2 


DATA 3 


1 


0 


0 


0 


0 


0 


1 


1 



WRITE COMMAND 

Upon receipt of the Write command, the head is 
loaded (HLD active) and the Busy status bit is set. 
When an ID field is encountered that has the correct 
track number, correct sector number, and correct 
CRC, a DRQ is generated. The FD1781 counts off 11 
bytes In single density and 22 bytes in double density 
from the CRC field and the Write Gate (WG) output is 
made active if the DRQ is serviced (i.e., the DR has 
been loaded by the computer). If DRQ has not been 
serviced, the command is terminated and the Lost 
Data status bit is set. If the DRQ has been serviced, 
the WG is made active and six bytes of zeros in 
single density and 12 bytes in double density are 
then written on the disk. At this time the Data Ad- 
dress Mark is then written on the disk as determined 
by the a° field of the command as shown below: 





DATA1 


DATA 2 


DATA 3 


1 


0 


0 


0 


0 


0 


1 


1 



The FD1781 then writes the data field and generates 
DRQ's to the computer. If the DRQ is not serviced in 
time for continuous writing the Lost Data Status Bit 
is set and a byte of zeros Is written on the disk. The 
command is not terminated. After the last data byte 
has been written on the disk, the two-byte CRC is 
computed internally and written on the disk followed 
by one byte gap of logic ones. The WG output is then 
deactivated. 



GAP 


ID 
AM 


TRACK 
NUMBER 


ZEROS 


SECTOR 
NUMBER 


SECTOR 
LENGTH 


CRC 
1 


CRC 
2 


GAP 


DATA 
AM 


DATA FIELD 


1 


2 


ID FIELD 


DATA FIELD 



D 

00 

Tl 
D 

00 



IDAM = ID Address Mark - DATA = (FE)i6CLK = (C7)i6 
Data AM = Data Address Mark - DATA = (F8or FB), CLK = (C7), 
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D 

00 

o 

00 




SET BUSY, RESET ORQ, LOST 
DATA, RECORD NOT FOUND & 
STATUS BITS5&6,INTRQ. 



INTRQ 
RESET BUSY 




SET 
TG43 




INTRQ. RESET BUSY 
SET RECORD 
NOT-FOUND 



5 



BRING IN SECTOR LENGTH FIELD 
COMPUTE LENGTH FROM B FLAG 
STORE LENGTH IN INTERNAL REGISTER 



SETCRC 
STATUS ERROR 




0 



•NOTE: IF TEST 0, THERE IS NO 15MS DELAY. 

IF TEST-1 AND CLK-1 MHz. THIS IS A 30MS DELAY. 

Figure?. TYPE II COMMAND 



Figures. TYPE II COMMAND 
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CINTRQ 
SET DATA LOST 



NOTE: IFTpT-0, THERE IS NO 15MS DELAY, 

IFTEST-1 ANDCLK-1 MHz, this is a 30MS delay. 

Figure 11. TYPE III COMMAND WRITE TRACK 



TYPE ill COMMANDS 
READ ADDRESS 

Upon receipt of the Read Address command, the 
head is ioaded and the Busy Status Bit is set. The 
next encountered ID fieid is then read in from the 
disk, and the six data bytes of the ID field are 
assembled and transferred to the DP, and a DRQ is 
generated for each byte. The six bytes of the ID field 
are shown below: 



TRACK 
ADDR 


ZEROS 


SECTOR 
ADDRESS 


SECTOR 
LENGTH 


CRC 
1 


CRC 
2 


1 


2 


3 


4 


5 


6 



Although the CRC characters are transferred to the 
computer, the FD1781 checks for validity and the 
CRC error status bit is set if there is a CRC error. The 
Track Address of the ID field is written into the sector 
register. At the end of the operation an interrupt is 
generated and the Busy Status is reset. 

READ TRACK 

Upon receipt of the Read Track command, the head 
is loaded and the Busy Status bit is set. Reading 
starts with the leading edge of the first encountered 
index mark and continues until the next index pulse. 
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As each byte is assembled it Is transferred to tlie 
Data Register and the Data Riequest is generated for 
each byte. No CRC checl<lng Is performed Gaps are 
included in the input data stream. If bit 0 (S) of the 
command is a 0, the accumulation of bytes is syn- 
chronized to each Address Mark encountered. Upon 
completion of the command, the interrupt is ac- 
tivated. 



WRITE TRACK 

Upon receipt of the Write Track command, the head 
is loaded and the Busy Status bit Is set. Writing starts 
with the leading edge of the first encountered index 
pulse and continues until the next index pulse, at 
which time the interrupt Is activated. The Data 
Request Is activated Immediately upon receiving the 
command, but v^/riting will not start until after the first 
byte has been loaded into the Data Register. If the DR 
has not been loaded by the time the index pulse is 
encountered the operation Is terminated making the 
device Not Busy, the Lost Data Status Bit Is set, and 
the Interrupt Is activated. If a byte is not present in 
the DR when needed, a byte of zeros is substituted. 
Address marks and CRC characters are written on 
the disk by detecting certain data byte patterns in the 
outgoing data stream as shown In the table below. 
The CRC generator is initialized when any data byte 
from F8 to FE is about to be transferred from the DR 
to the DSR. 



CONTROL BYTES FOR INITIALIZATION 



DATA 






PATTERN 


INTERPRETATION 


CLOCK MARK* 


(HEX) 




(HEX) 


F7 


Write CRC Char. 


FF 


F8 , 


Deleted Data Addr. Mark 


C7 


FB 


Data Addr. Mark 


C7 


FC 


Index Addr. Mark 


D7 


FD 


Spare 




FE 


ID Addr. Mark 


C7 




00 



00 



WRITE FD, FEOR 
F8-FB,CLK = 07 



/' ^vYES/' PHYS 

/ INTRO RESET BUSY Wc^ INDEX MARK 



WRITE BYTE OF 
ZEROS SET DATA 
LOST 



Figure 12. TYPE III COMMAND WRITE TRACK 



'Single density only 



DATA 


DATA 


DATA 


TYPE OF 


1 


2 


3 


ADDRESS MARK 


0 


0 


0 


Deleted Data Mark 


0 


1 


1 


Data Mark 


1 


0 


0 


Index Address Mark 


1 


0 


1 


Undefined 


1 


1 


0 


ID Address Mark 


1 


1 


1 


Undefined 
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TYPE IV COMMAND 



STATUS DESCRIPTION 



2 FORCE INTERRUPT 

O 

— ^ 

->i This command can be loaded into tlie command 

52 register at any time. If there Is a current command 

^ under execution (Busy Status Bit set), the command 

Q will be terminated and an interrupt will be generated 

^ when the condition specified in the Iq through I3 field 

^ is detected. The interrupt conditions are shown 

2 below: 

I 

o 

^ Iq = Not-Ready-To-Ready Transition 

11 = Ready-To-Not-Ready Transition 

12 = Every Index Pulse 

13 = Immediate Interrupt 

NOTE: If I0-I3 = 0, there is no interrupt generated 
but the current command is terminated and 
busy is reset. 



Upon receipt of any command, except the Force 
Interrupt command, the Busy Status bit is set and the 
rest of the status bits are updated or cleared for the 
new command. If the Force Interrupt Command is 
received when there is a current command under 
execution, the Busy status bit is reset, and the rest of 
the status bits are unchanged. If the Force Interrupt 
command is received when there is not a current 
command under execution, the Busy Status bit is 
reset and the rest of the status bits are updated or 
cleared. In this case. Status reflects the Type I 
commands. 



The format of the Status Register is shown below: 



7 


6 


5 


4 


3 


2 


1 


0 


S7 


S6 


S5 


S4 


S3 


S2 


S1 


SO 



status varies according to the type of command 
executed as shown in Table 6. 



TABLE 6 
STATUS REGISTER SUMMARY 





ALL TYPE 1 


READ 




READ 




WRITE 


BIT 


COMMANDS 


ADDRESS 


READ 


TRACK 


WRITE 


TRACK 


S7 


NOT READY 


NOT READY 


NOT READY 


NOT READY 


NOT READY 


NOT READY 


S6 


WRITE 


0 


0 


0 


WRITE 


WRITE 




PROTECT 








PROTECT 


PROTECT 


S5 


HEAD 


0 


RECORD TYPE 


0 


WRITE FAULT 


WRITE FAULT 




ENGAGED 












S4 


SEEK ERROR 


ID NOT FOUND 


RECORD NOT 


0 


RECORD NOT 


0 








FOUND 




FOUND 




S3 


CRC ERROR 


CRC ERROR 


CRC ERROR 


0 


CRC ERROR 


0 


S2 


TRACK 0 


LOST DATA 


LOST DATA 


LOST DATA 


LOST DATA 


LOST DATA 


SI 


INDEX 


DRQ 


DRQ 


DRQ 


DRQ 


DRQ 


SO 


BUSY 


BUSY 


BUSY 


BUSY 


BUSY 


BUSY 



STATUS FOR TYPE I COMMANDS 
BIT NAME MEANING 



S7 


NOT READY 


This bit when set indicates the drive is not ready. When reset it indicates that the drive 
is ready. This bit is an inverted copy of the Ready input and logically 'ored' with MR. 


S6 


PROTECTED 


When set, indicates Write Protect is activated. This bit is an inverted copy of WRPT 
input. 


S5 


HEAD LOADED 


When set, it indicates the head is loaded and engaged. This bit is a logical "and" of 
HLD and HLT signals. 


S4 


SEEK ERROR 


When set, the desired track was not verified. This bit is reset to 0 when updated. 


S3 


CRC ERROR 


When set, there was one or more CRC errors encountered on an unsuccessful tracts 
verification operation. This bit is reset to 0 when updated. 


S2 


TRACK 00 


When set, indicates Read Write head is positioned to Track 0. This bit is an inverted 
copy of the TROO input. 


S1 


INDEX 


When set, indicates index mark detected from drive. This bit is an inverted copy of the 
IP input. 


SO 


BUSY 


When set command is in progress. When reset no command Is in progress. 
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This bit when set indicates the drive is not ready. When reset, it indicates that the drive 
is ready. This bit is an inverted copy of the Ready Input and 'ored' with IVIR. The Type II 
and III Commands will not execute unless the drive Is ready. 

On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a Write 
Protect. This bit Is reset when updated. 

On Read Record: It indicates the record-type code from data field address marl<. On 
Read Track: Not Used. On any Write: It indicates a Write Fault. This bit is reset when 
updated. 

When set, it Indicates that the desired track and sector were not found. This bit is reset 
when updated. 

If S4 is set, an error is found in one or more ID fields; otherwise It indicates error In data 
field. This bit is reset when updated. 

When set, It indicates the computer did not respond to DRQ in one byte time. This bit 
is reset to zero when updated. 

This bit is a copy of the DRQ output. When set, It indicates the DR is full on a Read 
operation or the DR Is empty on a Write operation. This bit Is reset to zero when up- 
dated. 

When set, command Is under execution. When reset, no command is under execution. 



v STATUS BITS FOR TYPE II AND TYPE III COMMANDS 

BIT NAME MEANING 

S7 NOT READY 



86 WRITE PROTECT 



S5 RECORD TYPE/ 
WRITE FAULT 



84 RECORD NOT 
FOUND 

S3 CRC ERROR 



S2 LOST DATA 



SI DATA REQUEST 



SO BUSY 
FORMATTING THE DISK 

(Refer to section on Type III commands for flow 
diagrams.) 

Formatting the disk is a relatively simple task when 
operating programmed I/O or when operating under 
DMA control with a large amount of memory. When 
operating under DMA with limited amount of 
memory, formatting is a more difficult task. This Is 
because gaps as well as data must be provided at the 
computer interface. 

Formatting the disk Is accomplished by positioning 
the R/W head over the desired track number and 
Issuing the Write Track command. Upon receipt of 
the Write Track command, the FD1781 raises the data 
request signal. At this point in time, the user loads 
the data register with desired data to be written on 
the disk. For every byte of information to be written 
on the disk, a data request is generated. This 
sequence continues from one index mark to the next 
index mark. Normally, whatever data pattern appears 
in the data register is written on the disk with a clock 
mark of (FF)i6- However, if the FD1781 detects a data 
pattern on F7 thru FE in the data register, this is 
interpreted as data address marks with missing 
clocks or CRC generation. For instance, an FE 
pattern will be interpreted as an ID address mark 
(DATA-FE, CLK-C7) and the CRC will be initialized. An 
F7 pattern will generate two CRC characters. As a 
consequence, the patterns F7 thru FE must not 
appear in the gaps, data fields, or ID fields. Also, 
CRC's must be generated by a F7 pattern. 

Disks may be formatted in IBM 3740 formats with 
sector lengths of 128, 256, 512, or 1024 bytes, or may 
be formatted in non-IBM 3740 with sectors length of 
16 to 4096 bytes in 16 byte increments. IBM 3740 at 



the present time only defines two formats. One 
format with 128 bytes/sector and the other with 256 
bytes/sector. The next section deals with the IBM 
3740 format with 128 bytes/sector and the following 
section details non-IBM formats. 

IBM 3740 FORMATS — 128 BYTES/SECTOR 

Shown in Figure 13, is the IBM format with 128 
bytes/sector. In order to format this format, the user 
must Issue the Write Track command, and load the 
data register with the following values. For every byte 
to be written, there Is one data request. 



NUMBER 


HEX VALUE OF 


OF BYTES 


BYTE WRITTEN 


40 


00 orFF 


6 


00 


1 


FC (Index Mark) 


26 


00 or FF 




6 


00 




1 


FE (ID Address Mark) 




1 


Track Number 




1 


00 




1 


Sector Number (1 thru 1A) 




1 


00 




1 


F7 (2 CRC's written) 




11 


00 or FF 




6 


00 




1 


FB (Data Address Mark) 




128 


Data (IBM usesES) 




1 


F7 (2 CRC's written) 




27 


OOorFF 


247** 


OOorFF 



*Wrlte bracketed field 26 times 
**Contlnue writing until FD1781 interrupts out. 

Approx. 247 bytes. 
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physical 
index' 



46 BYTES \^ »• 




DATA 
>FIELD 
RECORD 
26 


CAP 4 
PRE INDEX 
320 BYTES 
NOMINAL 




GAP 1 
POST 
INDEX 

32 
BYTES 


ID 

RECORD 
N01 


GAP 2 

ID 
GAP 

17 
BYTES 


DATA FIELD 
RECORD 
NO 2 


GAP 3 
DATA 
GAP 
33 BYTES 


ID 

RECORD 
NO 2 


GAP 2 


DATA FIELD 
RECORD 
NO 2 


GAPS 


ID 

RECORD 
NO 3 


GAP 2 


DATA FIELD 
RECORD 
N01 








L J 







RECORD 
NO 26 



DATA FIELD I 
RECORD 
NO 26 



1 


2 


3 


4 


5 


6 


7 


ID 


TRACK 




SECTOR 




CRC 


CRC 


ADDRESS 


ADDRESS 


ZEROES 


ADDRESS 


ZEROES 


BYTE1 


BYTE 2 


MARK 
















DATA OR 








DELETED 

DATA 
ADDRESS 


128 BYTES OF USER 


CRC 


CRC 


DATA 


RVTF 1 


RVTP ? 


MARK 










WRITE GATE TURN ON FOR UPDATE 
OF NEXT DATA FIELD 



WRITE TURN OFF FOR UPDATE 
OF PREVIOUS DATA FIELD 



Figure 13. IBM 3740 TRACK FORMAT 



FD1781/FD1781-01 



NON-IBM FORMATS 

Non-IBM formats are very similar to the IBM formats 
except a different algorithm is used to ascertain the 
sector length from the sector length byte in the ID 
field. This permits a wide range of sector lengths 
from 16 to 4096 bytes. Refer to Section V, Type II 
Commands with b flag equal to zero. Note that F7 
thru FE must not appear in the sector length byte of 
the ID field. 

In formatting the FD1781, only two requirements 
regarding GAP sizes must be met. GAP 2 (i.e., the gap 
between the ID field and data field) must be 17 bytes 
of which the last 6 bytes must be zeros in single 
density mode, and 34 bytes of which the last 12 bytes 
must be zeros in double density mode. For the 
FD1781-01, these byte counts for GAP2 are doubled. 



The FD1781 does not require the index address mark 

(i.e., DATA = FC, CLK = D7) and it need not be _ 

present. q 



00 



REFERENCES: 

1. IBM Diskette OEM Information GA21-9190-1 =i 

2. SA900 IBM Compatibility Reference Manual — "Ij 
Shugart Associates. 2 

00 

ELECTRICAL CHARACTERISTICS 

O 

MAXIMUM RATINGS 

Vdd With Respect to Vss (Ground) . . + 15 to - 0.3V 
Max. Voltage to Any Input With 

Respect to Vss + 15 to - 0.3V 

Operating Temperature 0°C to 70''C 

Storage Temperature -55''Cto -i-125''C 



OPERATING CHARACTERISTICS (DC) 

TA = 0''Cto70°C,VDD = + 12.0V ±.6V,Vss = OV.VcQ = +5V ±.25V 
Vdd = 10 ma Nominal, Vcc = 30 ma Nominal 

DC characteristics Ta = 0°Cto50°C; Vdd = 12V ±.6V,Vss = OV,Vcc = 5V ±.25V 



SYMBOL 


CHARACTERISTIC 


MIN 


TYP 


MAX 


UNITS 


CONDITIONS 


ILI 


Input Leakage 






10 


mA 


ViN = Vdd 


iLO 


Output Leakage 






10 


hA 


vouT = Vdd 


V|H 


Input High Voltage 


2.6 






V 


V|L 


Input Low Voltage (All Inputs) 






0.8 


V 




VOH 


Output High Voltage 


2.8 






V 


lO = - IOOmA 


V*OL 


Output Low Voltage 






0.45 


V 


lO = 1.6 mA 



NOTE: Vol < .4V when interfacing with low Power Schottky parts (1o < 1 ma) 
* except WG, where Vol < -5 volts, 



TIMING CHARACTERISTICS 

Ta = 0°Cto50'C,VDD = +12V ±.6V,Vss = OV,VcG = +5V ±.25V 

NOTE: Timings are given for 2 MHz Clock. For those timings noted, values will double when chip is 
operated at 1 MHz. 



READ OPERATIONS 



SYMBOL 


CHARACTERISTIC 


MIN 


TYP 


MAX 


UNITS 


CONDITIONS 


TSET 


Setup ADDR & OS to RE 


100 






nsec 




thld 


Hold ADDR & OS from RE 


10 






nsec 




IRE 


RE Pulse Width 


500 






nsec 


Cl = 25 pf 


TDRR 


DRQ Reset from RE 






500 


nsec 


TIRR 


INTRQ Reset fromJRE 




500 


3000 


nsec 




TDACC 


Data Access from RE 






350 


nsec 


Cl = 25 pf 


TDOH 


Data Hold From RE 


50 




150 


nsec 


Cl = 25 pf 
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READ ENABLE TIMrNG 



■n 

O 

-J 
00 

o 

00 



DRQVOL 



INTRQ h 



A0,A1,CS 



DATA VALID (DAL) 
READ DATA 

(BUFFERS TRI-STATED) 



=16(is2* 



IbRR 



TlRR* 



Thld, 



Tdacc 



r 



VOLT 




VOL 



VIL 



VIH 



H """SET 


-« 






















tdoh 



NOTE: 1. CS MAY BE PERMANENTLY TIED LOW IF DESIRED. 
2. FOR READ TRACK COMMAND. THIS TIME MAY BE 
6* T0 16* mSEC when S = 0. 
•TIME DOUBLES WHEN CLK-1 MHz. 



WRITE OPERATIONS 



SYMBOL 


CHARACTERISTIC 


MIN 


TYP 


MAX 


UNITS 


CONDITIONS 


TSET 


Setup ADDR&CS to WE 


100 






nsec 




THLD 


Hold ADDR&CS from WE 


10 






nsec 




TWE 


WE Pulse Width 


350 






nsec 




TDRR 


DRQ Reset from WE 






500 


nsec 




TIRR 


INTRQ Reset from WE 




500 


3000 


nsec 


See Note 


TDS 


Data Setup to WE" 


250 






nsec 




TDH 


Data Hold from WE 


20 






nsec 
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WRITE ENABLE TIMING 



DATA VALID 
WRITE DATA 



NOTE: 1. CS MAY BE PERMANENTLY TIED LOW IF DESIRED 
2. WHEN WRITING DATA INTO SECTOR, TRACK, OR 
DATA REGISTER, USER CANNOT READ THIS 
REGISTER UNTIL AT LEAST 8 f^SEC AFTER THE 
RISING EDGE OF Wl. WHEN WRITING INTO THE 
COMMAND REGISTER STATUS IS NOT VALID 
UNTIL SOME 1 2 ^SEC LATER. THESE TIMES ARE 
DOUBLED WHEN CLK = 1 MHz. 

*TIME DOUBLES WHEN CLOCK = 1 MHz. 




00 



00 



INPUT DATA TIMING 



DEFINES TYPE BEGINNING OF ID FIELD 
OF ADDRESS MARK OR DATA FIELD 



IN DATA V|L 



INSTR 



AMIN 




pw 



500 ns = 50 ns 



ts > 100 ns 
th > 300 ns 
1 2(iS < tp < 1/2 ms 



NOTE: INSTR MUST BE FREE RUNNING AS INDICATED BY THE tp 
SPECIFICATION. ALSO, THERE MUST BE AT LEAST 2 
INSTR PULSES DURING MASTER RESET. 
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■n 
a 

00 

O 

00 



OUTPUT DATA TIMING 



OTDATA 



^1 .A 



OTSTR Vol 



AMOT 



-»-|tBk- 

C7 CLOCK 



■BYTE BOUNDARY 



DEFINES TYPE 
OF ADDRESS MARK 



BEGINNING OF ID FIELD 
OR DATA FIELD 



XTxixixDrx: 



D7 CLOCK (WRITE TRACK ONLY) 





DDEN 1 


DDEN 0 


tA 


SEE NOTE 


2 MS 


tB 




1 MS 


to 




1 MS 






CLK 2mHz 



NOTE; 



■Vol 

Vol 



WHENEVER DDEN 0. OTSTR IS FREE RUNNING AS SHOWN 
ABOVE 

WHEN DDEN 1&WG 0, OTSTR IS A SERIES OF FM CLOCK 
PULSES: 

WHEN DDEN 1&WG 1, OTSTR BECOMES WD AS IN THE 
FD1771 (I.e. CONTAINS FM CLOCK & DATA PULSES). 



MISCELLANEOUS TIMING: 



SYMBOL 


CHARACTERISTIC 


MIN 


TYP 


MAX 


UNITS 


CONDITIONS 


TCDi 

TCD2 

TSTP 

TDIR 

TMR 

TIP 

TWF 


Clock Duty 

Clock Duty 

Step Pulse Output 

Dir Setup to Step 

Master Reset Pulse Width 

Index Pulse Width 

Write Fault Pulse Width 


175 
210 
2000 
12 
5 
5 
5 






nsec 
nsec 
nsec 
fisec 
ptsec 
fxsec 
fisec 


2 MHz ±1% See Note 

>These times doubled 
when CLK = 1 MHz 



MISCELLANEOUS TIMING 



iPf 



■^ViH 



I-*— T|P— H 



WF )- 



h-TwF-H 

MR) 1 1 :fV|H 



TCYC 



H*-Tmr-H 



CLK 




TCD^-H 



ri 



k- 



TCD' 



VqH I STEP in 

DiRC Vol , tdir Tstp tstp 



!r—i 



STEP out 



I Tdir Tstp tsjp 



STEP 



Vol 



See page 725 for ordering information. 
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WESTERN DIGITAL 

CORP ORAT/ON 

FD1 79X02 
Floppy Disk Formatter/Controller Family 



FEATURES 

• TWO VFO CONTROL SIG NALS - RG&VFOE 

• SOFT SECTOR FORMAT COMPATIBILITY 

• AUTOMATIC TRACK SEEK WITH VERIFICATION 

• ACCOMMODATES SINGLE AND DOUBLE DENSITY 
FORMATS 

IBM 3740 Single Density (FM) 

IBM System 34 Double Density (MFM) 

Non IBM Format for Increased Capacity 

• READ MODE 

Single/Multiple Sector Read with Automatic Searcli or 

Entire Tracl< Read 
Selectable 128, 256, 512 or 1024 Byte Sector Lengths 
WRITE MODE 

Single/Multiple Sector Write with Automatic Sector 
Search 

Entire Tracl< Write for Diskette Formatting 

• SYSTEM COMPATIBILITY 

Double Buffering of Data 8 Bit Bi-Dlrectionai Bus for 

Data, Control and Status 
DMA or Programmed Data Transfers 
All Inputs and Outputs areTTL Compatible 
On-Chip Track and Sector Registers/Comprehensive 

Status Information 



• PROGRAMMABLE CONTROLS 
Selectable Track to Track Stepping Time 
Side Select Compare 

• INTERFACES TO WD1691 DATA SEPARATOR 

• WINDOW EXTENSION 

• INCORPORATES ENCODING/DECODING AND 
ADDRESS MARK CIRCUITRY 

• FD1792/4 IS SINGLE DENSITY ONLY 

• FD1795/7 HAS A SIDE SELECT OUTPUT 

179X-02 FAMILY CHARACTERISTICS 



•n 
g 

CO 

X 

o 
to 



FEATURES 


1791 


1792 


1793 


1794 


1795 


1797 


Single Density (FM) 


X 


X 


X 


X 


X 


X 


Double Density (MFM) 


X 




X 




X 


X 


True Data Bus 






X 


X 




X 


Inverted Data Bus 


X 


X 






X 




Write Precomp 


X 


X 


X 


X 


X 


X 


Side Selection Output 










X 


X 



APPLICATIONS 

8" FLOPPY AND 51/4" MINI FLOPPY CONTROLLER 
SINGLE OR DOUBLE DENSITY 
CONTROLLER/ FORMATTER 



••OALO 
DALT 
DAL2 
OAO 
DAL4 
DAL 5 

RaTB 
dalT 

STEP 
DIRC 
EARLY 
LATE 
MR 



29 n 
28 1 



] VD0I + 12VI 
1 INTRO 

") DRO 
1 DDEN"' 
1 WPRT 

] TROO 
) WF/VFOE 
] READY 
"1 WD 

^ WG 

TG43 
HLO 
■] RAW READ 
") RCLK 

n • 

1 CLK 
HLT 
n TEST 

J 



•1 791(3 = RG 1795/7 = 
•1793/7 TRUE BUS 
•1792/4 OPEN 



PIN CONNECTIONS 



<^ DATA (8) 




AO 


A1 


CS 


nc 
VVE 




MR 








+ SV 






»10K 


1 DRO 




■« — • 

^ INTRO 




CLK 









+5V 





r 



FLOPPY DISK 
CONTROLLER 
FORMATTER 



VSS Vdd VcC 



RAW READ 
^CLK 
RG/SSO 

J^TE 

EARLY 



ONE SHOT 
(IF USED) 



+12 +5V 



FD179X SYSTEM BLOCK DIAGRAM 
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PIN OUTS 

' PIN 
NUMBER 



PIN NAIVIE 



SYMBOL 



FUNCTION 



19 



NO CONNECTION 



MASTER RESET 



NC 
MR 



20 POWER SUPPLIES 

21 
40 

COMPUTER INTERFACE: 

2 



3 
4 
5,6 



7-14 



24 



38 



39 



WRITE ENABLE 
CHIP SELECT 
READ ENABLE 
REGISTER SELECT LINES 



Vss 
Vcc 
Vdd 

WE 
CS 
RE 

A0,A1 



DATA ACCESS LINES 



DAL0-DAL7 



CLOCK 



DATA REQUEST 



INTERRUPT REQUEST 



FLOPPY DISK INTERFACE: 



15 
16 



17 



18 



STEP 

DIRECTION 
EARLY 

LATE 



CLK 



DRQ 



INTRQ 



STEP 
DIRC 

EARLY 
LATE 



Pin 1 Is internally connected to a back bias generator and 
must be left open by the user. 

A logic low (50 microseconds min.) on tills input resets the 
device and loads HEX 03 Into the command register. The Not 
Ready (Status Bit 7) is reset during MR ACTIVE. When MR is 
brought to a logic high a RESTORE Command Is executed, 
regardless of the state of the Ready signal from the drive. 
Also, HEX 01 Is loaded Into sector register. 

Ground 

+ 5V ±5% 
+ 12V ±5% 



A logic low on this in^t gates data on the DAL Into the 
selected register when CS is low. 

A logic low on this input selects the chip and enables 
computer communication with the device. 

A logic low on this input controls the placement of data from a 
selected register on the DAL when CS is low. 

These inputs select the register to receive/transfer data on the 
DAL lines under RE and WE control: 

WE 

Command Reg 
Track Reg 
Sector Reg 
Data Reg 

Eight bit Bidirectional bus used for transfer of data, control, 
and status. This bus is receiver enabled by WE or transmitter 
enabled by RE. Each line will drive 1 standard TTL load. 

This input requires a free-running 50% duty cycle square wave 
clock for internal timing reference, 2 MHz ± 1% for 8" drives, 
1 MHz ±1% for mini-floppies. 

This open drain output indicates that the DR contains 
assembled data in Read operations, or the DR is empty in 
Write operations. This signal is reset when serviced by the 
computer through reading or loading the DR In Read or Write 
operations, respectively. Use 10K pull-up resistor to +5. 

This open drain output is set at the completion of any com- 
mand and Is reset when the STATUS register is read or the 
command register is written to. Use 10K pull-up resistor to 
+ 5. 



The step output contains a pulse for each step. 

Direction Output is active high when stepping in, active low 
when stepping out. 

Indicates that the WRITE DATA pulse occuring while Early is 
active (high) should be shifted early for write precom- 
pensation. 

Indicates that the write data pulse occurring while Late is 
active (high) should be shifted late for write precompensation. 



CS 


A1 


AO 


RE 


0 


0 


0 


Status Reg 


0 


0 


1 


Track Reg 


0 


1 


0 


Sector Reg 


0 


1 


1 


Data Reg 
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PIN 
NUMBER 


PIN NAME 


SYMBOL 


FUNCTION 


22 


TEST 


TEST 


This input is used for testing purposes only and should be tied 
to + 5V or left open by the user unless interfacing to voice coil 
actuated steppers. 


23 


HEAD LOAD TIMING 


HLT 


When a logic high is found on the HLT input the head is 
assumed to be engaged. It is typically derived from a 1 shot 
triggered by HLD. 


25 


READ GATE 

(1791, 1792, 1793, 1794) 


RG 


This output is used for synchronization of external data 
separators. The output goes high after two Bytes of zeros In 
single density, or 4 Bytes of either zeros or ones in double 
density operation. 


25 


SIDE SELECT OUTPUT 
(1795, 1797) 


SSO 


The logic level of the Side Select Output is directly controlled 
by the 'S' flag in Type II or III commands. When U = 1, SSO is 
set to a logic 1. When U = 0, SSO is set to a logic 0. The SSO 
is compared with the side Information in the Sector I.D. Field. 
If they do not compare Status Bit 4 (RNF) is set. The Side 
Select Output is only updated at the beginning of a Type II or 
ill command. It is forced to a logic 0 upon a MASTER RESET 
condition. 


26 


READ CLOCK 


RCLK 


A nominal square-wave clock signal derived from the data 
stream must be provided to this input. Phasing (i.e. RCLK 
transitions) relative to RAW READ is important but polarity 
(RCLK high or low) is not. 


27 


RAW READ 


RAW READ 


The data input signal directly from the drive. This input shall 
be a negative pulse for each recorded flux transition. 


2o 


HbAD LOAD 


HLD 


The HLD output controls the loading ot the Read-write head 
against the media. 


29 


TRACK GREATER THAN 43 


TG43 


This output informs the drive that the ReadWrite head is 
positioned between tracks 44-76. This output is valid only 
during Read and Write Commands. 


on 
30 


WRI Fc GATE 


Wo 


This output is made valid before writing is to be performed on 
the diskette. 


31 


WRITE DATA 


WD 


A 200 ns (MFM) or 500 ns (FM) output pulse per flux transition. 
WD contains the unique Address marks as well as data and 
clock in both FM and MFM formats. 


32 


READY 


READY 


This input indicates disk readiness and is sampled for a logic 
high before Read or Write commands are performed. If Ready 
is low the Read or Write operation is not performed and an 
interrupt is generated. Type 1 operations are performed 
regardless of the state of Ready. The Ready input appears in 
inverted format as Status Register bit 7. 


33 


WRITE FAULT 
VFO ENABLE 


WF/VFOE 


This is a bi-directional signal used to signify writing faults at 
the drive, and to enable the external FLO data separator. When 
WG = 1, Pin 33 functions as a WF input, if WF = 0, any write 
command will immediately be terminated. When WG = 0, Pin 
33 functions as a VFOE output. VFOE will go low during a read 
operation after the head has loaded and settled (HLT = 1). On 
the 1795/7, it will remain low until the last bit of the second 
CRC byte in the ID field. VFOE will then go high until 8 bytes 
(MFM) or 4 bytes (FM) before the Address Mark. It will then go 
active until the last bit of the second CRC byte of the Data 
Field. On the 1791/3, VFOE will remain low until the end of the 
Data Field. This pin has an Internal 100K Ohm pull-up resistor. 


34 


TRACK 00 


TROO 


This input informs the FD179X that the Read/Write head is 
positioned over Track 00. 
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PIN NUMBER 


PIN NAME 


SYMBOL 


FUNCTION 


35 


INDEX PULSE 


ip 


This input informs the FD179X when the index hole is en- 


36 


WRITE PROTECT 


WPRT 


This input is sampled whenever a Write Command is received. 
A logic low terminates the command and sets the Write 
Protect Status bit. 


37 


DOUBLE DENSITY 


DDEN 


This input pin selects either single or double density 
operation. When DDEN = 0, double density Is selected. When 
DDEN = 1, single density Is selected. This line must be left 
open on the 1792/4. 



GENERAL DESCRIPTION 

The FD179X are N-Channel Silicon Gate MOS LSI 
devices which perform the functions of a Floppy Disk 
Formatter/Controller in a single chip implementation. 
The FD179X, which can be considered the end result 
of both the FD1771 and FD1781 designs, is IBM 3740 
compatible in single density mode (FM) and System 34 
compatible in Double Density Mode (MFM). The 
FD179X contains all the features of its predecessor the 
FD1771, plus the added features necessary to 
read/whte and format a double density diskette. These 
include address mark detection, FM and MFM encode 
and decode logic, window extension, and write precom- 
pensation. In order to maintain compatibility, the 
FD1771, FD1781, and FD179X designs were made as 
close as possible with the computer interface, instruc- 
tion set, and I/O registers being identical. Also, head 
load control is identical. In each case, the actual pin 
assignments vary by only a few pins from any one to 
another. 

The processor Interface consists of an 8-bit bi-direc- 
tional bus for data, status, and control word transfers. 
The FD179X Is set up to operate on a multiplexed bus 
with other bus-oriented devices. 

The FD179X is TTL compatible on all inputs and 
outputs. The outputs will drive ONE TTL load or three 
LS loads. The 1793 is identical to the 1791 except the 
DAL lines are TRUE for systems that utilize true data 
busses. 

The 1795/7 has a side select output for controlling 
double sided drives, and the 1792 and 1794 are "Single 
Density Only" versions of the 1791 and 1793 respec- 
tively. On these devices, DDEN must be left open. 

ORGANIZATION 

The Floppy Disk Formatter block diagram is illustrated 
on page 5. The primary sections include the parallel 
processor interface and the Floppy Disk Interface. 

Data Shift Register — This 8-bit registe r assembles 
serial data from the Read Data input (RAW READ) 
during Read operations and transfers serial data to the 
Write Data output during Write operations. 
Data Register — This 8-bit register is used as a 
holding register during Disk Read and Write operations. 
In Disk Read operations the assembled data byte is 
transferred in parallel to the Data Register from the 
Data Shift Register. In Disk Write operations in- 
formation is transferred in parallel from the Data 
Register to the Data Shift Register. 



When executing the Seek command the Data Register 
holds the address of the desired Track position. This 
register is loaded from the DAL and gated onto the 
DAL under processor control. 

Track Register — This 8-bit register holds the track 
number of the current Read/Write head position. It is 
incremented by one every time the head is stepped in 
(towards track 76) and decremented by one when the 
head is stepped out (towards track 00). The contents of 
the register are compared with the recorded track 
number in the ID field during disk Read, Write, and 
Vehfy operations. The Track Register can be loaded 
from or transferred to the DAL. This Register should 
not be loaded when the device is busy. 
Sector Register (SR) — This &-bit register holds the address 
of the desired sector position. The contents of the register 
are compared with the recorded sector number in the ID 
field during disk Read or Write operations. The Sector 
Register contents can be loaded from or transferred to the 
DAL. This register should not be loaded when the device is 
busy. 

Command Register (CR) — This 8-bit register holds the 
command presently being executed. This register should 
not be loaded when the device is busy unless the new 
command is a force interrupt. The command register can 
be loaded from the DAL, but not read onto the DAL. 
Status Register (STR) — This 8-bit register holds device 
Status information. The meaning of the Status bits is a 
function of the type of command previously executed. This 
register can be read onto the DAL, but not loaded from the 
DAL. 

CRC Logic — This logic is used to check or to generate the 
16-bit Cyclic Redundancy Check (CRQ. The polynomial is: 

G(x) = X" + X" H- x» + 1. 

The CRC includes all information starting with the address 
mark and up to the CRC characters. The CRC register Is 
preset to ones prior to data being shifted through the 
circuit 

Arithmetic/Logic Unit (ALU) — The ALU is a serial com- 
parator, incrementer, and decrementer and Is used for 
register modification and comparisons with the disk 
recorded ID field. 

Timing and Control — All computer and Floppy Disk In- 
terface controls are generated through this logic. The in- 
ternal device timing is generated from an external crystal 
clock. 

The FD179X has two differen t mode s of o peration ac- 
cording to the state of DDEN. When DDEN = 0 double 
density (MFM) is assumed. When DDEN = 1, single 
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DATA 
SHIFT 
REG 



— < RAW READ 



AM DETECTOR 



-<C RCLK 



COMPUTER 
INTERFACE 
CONTROL 



DISK 
INTERFACE 
CONTROL 



CLK (2 OR 1 MHz) 



■NOT USED ON 1792f4 



FD179X BLOCK DIAGRAM 



density (FM) is assumed. 1792 & 1794 are single density 
only. 

AM Detector — The address mark detector detects ID, data 
and index address marks during read and write operations. 

PROCESSOR INTERFACE 

The Interface to the process or Is accomplished through the 
eight Data Access Lines (DAL) and associated control 
signals. The DAL are used to transfer Dat a, Sta tus, and 
Control words out of, or Into the FD179X. The DAL are three 
state buffers that are enabled as output drivers when Chip 
Select (CS) and Read Enable (RE)are active (low logic state) 
or act as Input receivers when CS and Write Enable (WE) 
are active. 

When transfer of data with the Floppy Disk Controller is 
required by the host processor, the device address Is 
decoded and CS is made low. The address bits A1 and AO, 
combined with the signals RE during a Read operation or 
WE during a Write operation are interpreted as selecting 
the following registers: 



A1 


■ AO 


READ(R^ 


WRITE (WE) 


0 


0 


Status Register 


Command Register 


0 


1 


Track Register 


Track Register 


1 


0 


Sector Register 


Sector Register 


1 


1 


Data Register 


Data Register 



During Direct Memory Access (DMA) types of data 
transfers between the Data Register of the FD179X and the 
processor, the Data Request (DRQ) output is used In Data 
Transfer control. This signal also appears as status bit 1 
during Read and Write operations. 

On Disk Read operations the Data Request is activated (set 
high) when an assembled serial Input byte is transferred in 
parallel to the Data Register. This bit is cleared when the 
Data Register is read by the processor. If the Data Register 
Is read after one or more characters are lost, by having new 
data transferred into the register prior to processor readout, 
the Lost Data bit is set in the Status Register. The Read 
operation continues until the end of sector Is reached. 

On Disk Write operations the data Request Is activated 

when the Data Register transfers its contents to the Data 
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Shift Register, and requires a new data byte. It is reset 
when the Data Register is loaded with new data by the 
processor. If new data is not loaded at the time the next 
2 serial byte is required by the Floppy Disk, a byte of zeroes 
■xj is written on the diskette and the Lost Data bit is set in the 
^ Status Register. 

^ At the completion of every command an INTRQ is 
lO generated. INTRQ is reset by either reading the status 
register or by loading the command register with a new 
command. In addition, INTRQ is generated if a Force 
Interrupt command condition is met. 
The 179 X has two modes of opera tion according to the 
state of DDEN (Pin 37). When DDEN = 1, single density is 
selected. In either case, the CLK input (Pin 24) is at 2 MHz. 
However, when interfacing with the mini-floppy, the CLK 
input is set at 1 MHz for both single density and double 
density. 

GENERAL DISK READ OPERATIONS 

Sector lengths of 128, 256, 512 or 1024 are o btainable in 
either FM or MFM formats. For FM, DDEN should be 
placed to logical "1." For MFM formats, DDEN should be 
placed to a logical "0." Sector lengths are determined at 
format time by the fourth byte in the "ID" field. 



Sector Length Table* 


Sector Length 


Number of Bytes 


Field (hex) 


in Sector (decimal) 


00 


128 


01 


256 


02 


512 


03 


1024 



* 1795/97 may vary — see command summary. 



The number of sectors per track as far as the FD179X Is 
concerned can be from 1 to 255 sectors. The number of 
tracks as far as the FD179X is concerned Is from 0 to 255 
tracks. For IBM 3740 compatibility, sector lengths are 128 
bytes with 26 sectors per track. For System 34 com- 
patibility (MFM), sector lengths are 256 bytes/sector with 26 
sectors/track; or lengths of 1024 bytes/sector with 8 
sectors/track. (See Sector Length Table) 
For rea d operations in 8" double density the FD179X 
requires RAW READ Data (Pin 27) signal which is a 200 ns 
pulse per flux transition and a Read clock (RCLK) signal to 
indicate flux transition spacings. The RCLK (Pin 26) signal 
is provided by some drives but if not it may be derived 
externally by Phase lock loops, one shots, or counter 
techniques. In addition, a Read Gate Signal is provided as 
an output (Pin 25) on 1791/92/93/94 which can be used to 
inform phase lock loops when to acquire synchronization. 
When reading from the media in FM. RG is made true when 
2 bytes of zeroes are detected. The FD179X must find an 
address mark within the next 10 bytes; otherwise RG is 
reset and the search for 2 bytes of zeroes begins all over 
again, if an address mark is found within 10 bytes, RG 
remains true as long as the FD179X is deriving any useful 
information from the data stream. Similarly for MFM, RG is 
made active when 4 bytes of "00" or "FF" are detected. The 
FD179X must find an address mark within the next 16 
bytes, othenwise RG is reset and search resumes. 
During read operations (WG = 0), the VF OE (Pin 33) is 
provided for phase lock loop synchronization. VFOE will go 
active low when: 



a) Both H LT and H LD are True 

b) Settling Time, if programmed, has expired 

c) The 179X is inspecting data off the disk 

If WF/VFOE is not used, leave open or tie to a 10K resistor 
to -t-5. 

GENERAL DISK WRITE OPERATION 

When writing is to take place on the diskette the Write Gate 
(WG) output is activated, allowing current to flow into the 
ReadA/Vrite head. As a precaution to erroneous writing the 
first data byte must be loaded into the Data Register in 
response to a Data Request from the FD179X before the 
Write Gate signal can be activated. 
Writing is inhibited when the Write Protect input is a logic 
low, in which case any Write command is immediately 
terminated, an interrupt is generated and the Write Protect 
status bit is set. The Write Fault input, when activated, 
signifies a writing fault condition detected in disk drive 
electronics such as failure to detect write current flow 
when the Write Gate is activated. On detection of this fault 
the FD179X terminates the current command, and sets the 
Write Fault bit (bit 5) in the Status Word. The Write Fault 
input should be made inactive when the Write Gate output 
becomes inactive. 

For write operations, the FD179X provides Write Gate (Pin 
30) and Write Data (Pin 31) output s. Write data consists of a 
series of 500 n s puls es in FM (DDEN = 1) and 200 ns 
pulses in MFM (DDEN = 0). Write Data provides the unique 
address marks in both formats. 

Also during write, two additional signals are provided for 
write precompensation. These are EARLY (Pin 17) and 
LATE (Pin 18). EARLY is active true when the WD pulse 
appearing on (Pin 30) is to be written EARLY. LATE is active 
true when the WD pulse is to be written LATE. If both 
EARLY and LATE are low when the WD pulse is present, 
the WD pulse is to be written at nominal. Since write 
precompensation values vary from disk manufacturer to 
disk manufacturer, the actual value is determined by 
several one shots or delay lines which are located external 
to the FD179X. The write precompensation signals EARLY 
and LATE are valid for the duration of WD in both FM and 
MFM formats. 
READY 

Whenever a Read or Write command (Type II or III) is 
received the FD179X samples the Ready input. If this input 
is logic low the command is not executed and an interrupt 
Is generated. All Type I commands are performed re- 
gardless of the state of the Ready input. Also, whenever a 
Type II or III command is received, the TG43 signal output 
is updated. 

COMMAND DESCRIPTION 

The FD179X will accept eleven commands. Command 
words should only be loaded in the Command Register 
when the Busy status bit is off (Status bit 0). The one 
exception is the Force Interrupt command. Whenever a 
command is being executed, the Busy status bit is set. 
When a command is completed, an interrupt is generated 
and the Busy status bit is reset. The Status Register 
indicates whether the completed command encountered 
an error or was fault free. For ease of discussion, 
commands are divided into four types. Commands and 
types are summarized in Table 1 . 
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TABLE 1. COMMAND SUMMARY 



A. Commands for Models: 1791, 1792, 1793, 1794 



B. Commands for Models: 1795i 



Type Command 


7 


6 


5 


Bits 
4 3 


2 


1 


0 


7 


6 


5 


4 


Bits 

3 


2 


1 


0 




1 Restore 


0 


0 


0 


0 


h 


V 


ri 


fo 


0 


0 


0 


0 


h 


V 


ri 


ro 




1 Seek 


0 


0 


0 




n 


V 


ri 


fQ 


0 


0 


0 


1 


h 


V 


ri 


ro 




1 Step 


0 


0 


1 


T 


h 


V 


ri 


""O 


0 


0 


1 


T 


h 


V 


r-| 


ro 




1 Step-in 


0 


1 


0 


T 


h 


V 


n 


ro 


0 


1 


0 


T 


h 


V 


ri 


ro 




1 Steo-aut 


0 


1 


1 


T 


h 


V 


n 


ro 


0 


1 


1 


T 


h 


V 




ro 




II Read Sector 


"1 


0 


0 


m 




■ F" 




0 


1 


0 


6 


m 


L 


T" 


ir- 


"-TJ- 




II Write Sector 


1 


0 


1 


m 


S 


E 


C 


ao 


1 


0 


1 


m 


L 


E 


u 


30 




III keaa Address 






tr" 




0 


E 


0 


0 


1 


1 


0 


0- 


1" 


"T 


u 


0 




III Read Track 


1 


1 


1 


0 


0 


E 


0 


0 


1 


1 


1 


0 


0 


E 


u 


0 




111 Write Track 


1 


1 


1 


1 


0 


E 


-t 


-t 


1 


1 


1 


1 


0 


E 


u 






IV Force inierrupi 


— -r 




-TP" 


"T 


— IT' 


l2 






1 


1 


b 


1 


I3 


I2 


I1 


IQ 





FLAG SUMMARY 



TABLE 2. FLAG SUMMARY 



Command 
Type 



Bit 
No(s) 



Description 



II & III 



li&lii 



IV 



0,1 



n ro = Stepping IVIotor Rate 
See Table 3 for Rate Summary 

V = Track Number Verify Flag 



h =: Head Load Flag 



T = Track Update Flag 



V = 0, No verify 

V = 1, Verify on destination track 

hi = 1, Load head at beginning 

h = 0, Unload head at beginning 

T = 0, No update 

T = 1, Update track register 



ao = Data Address Mark 



C = Side Compare Flag 



ao= 0, FB(DAM) 

ao= 1,F8 (deleted DAM) 

C = 0, Disable side compare 
C = 1, Enable side compare 



U = Update SSO 



E = 15 MS Delay 



U = 0, Update SSO too 
U = 1, Update SSO to 1 



E = 0, No 15 MS delay 
E = 1,15 MS delay 



S = Side Compare Flag 



L = Sector Length Flag 



m = Multiple Record Flag 



S = 0, Compare for side 0 
S = 1 , Compare for side 1 



LSB's Sector Length in ID Field 





00 


01 


10 


11 


L = 0 . 


256 


512 


1024 


128 


L = 1 


128 


256 


512 


1024 



m = 0, Single record 
m = 1, Multiple records 



0-3 



Ix 
lO 
I1 
l2 

I3 

l3-l0 



= Interrupt CoridHion Flags 
= 1 Not Ready To Ready Transition 
= 1 Ready To Not Ready Transition 
= 1 1ndex Pulse 

= 1 1mmediate Interrupt, Requires A Reset 
= 0 Terminate With No Interrupt (INTRQ) 



'NOTE: See Type IV Command Description for further infomiation. 
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TYPE I COMMANDS 

-fl The Type I Commands include the Restore, Seek, Step, 
Q Step-In, and Step-Out commands. Each of the Type I 
Commands contains a rate field CO H), which determines 
2^ the stepping motor rate as defined in Table 3. 
X A 2 fiS (MFM) or 4 (iS (FM) pulse is provided as an output to 
O the drive. For every step pulse issued, the drive moves one 
track location in a direction determined by the direction 
output. The chip step the drive in the same direction it 
last stepped unless the command changes the direction. 
The Direction signal is active high when stepping in and 
low when stepping out. The Direction signal is valid 12 ixs 
before the first stepping pulse is generated. 
The rates (shown in Table 3) can be applied to a Step- 
Direction Motor through the device interface. 



TABLE 3. STEPPING RATES 



CLK 


2 MHz 


2 MHz 


1 MHz 


1 MHz 


2 MHz 


1 MHz 


DDEN 


0 


1 


0 


1 


X 


X 


R1 RO 


TEST=1 


TEST=1 


TEST=1 


TEST=1 


TEST=0 


TEST=0 


0 0 


3 ms 


3 ms 


6 ms 


6 ms 


184ms 


seSjus 


0 1 


6 ms 


6 ms 


12 ms 


12 ms 


190fis 


380/is 


1 0 


10 ms 


10 ms 


20 ms 


20 ms 


198/is 


396/xs 


1 1 


15 ms 


15 ms 


30 ms 


30 ms 


208ms 


416/118 



After the last directional step an additional 15 milliseconds 
of head settling time takes place if the Verify flag is set in 
Type I commands. Note that this time doubles to 30 ms for 
a 1 MHz clock. If TEST = 0, there is zero settling time. 
There is also a 15 ms head settling time if the E flag is set in 
any Type II or III command. 

When a Seek, Step or Restore command is executed an 
optional verification of Read-Write head position can be 
performed by settling bit 2 (V = 1) in the command word to 
a logic 1 . The verification operation begins at the end of the 
15 millisecond settling time after the head is loaded against 
the media. The track number from the first encountered ID 
Field is compared against the contents of the Track 
Register. If the track numbers compare and the ID Field 
Cyclic Redundancy Check (CRC) is correct, the verify 
operation is complete and an INTRO is generated with no 
errors. If there is a match but not a valid CRC, the CRC error 
status bit is set (Status bit 3), and the next encountered ID 
field is read from the disk for the verification operation. 

The F[^17QY nqiii^t fjnri an in flpl^ \|yit h correct track number 
and correct CRC wit ^'n '•"'"'^'"tinn" the media; 
othenwise the seek error is set a nd an INTRO is generated. 
If V = 0, no verification is performed. 

The Head Load (HLD) output controls the movement of the 
read/write head against the media. HLD is activated at the 
beginning of a Type I command if the h flag is set (h = 1), at 
the end of the Type I command if the verify flag (V = 1), or 
upon receipt of any Type II or III command. Once HLD is 
active it remains active until either a Type I command is 
received with (h = 0 and V = 0); or if the FD179X is in an 
idle state (non-busy) and 15 index pulses have occurred. 



Head Load timing (HLT) is an input to the FD179X which is 
used for the head engage time. When HLT = 1,theFD179X 
assumes the head is completely engaged. The head 
engage time is typically 30 to 100 ms depending on drive. 
The low to high transition on HLD is typically used to fire a 
one shot. The output of the one shot is then used for HLT 
and supplied as an input to the FD179X. 



HLD J 

I- 50 TO lOOmS 



J 1 1 

HLT (FROM ONE SHOT) 



HEAD LOAD TIMING 

When both HLD and HLT are true, the FD179X will then 
read from or write to the media. The "and" of HLD and HLT 
appears as.status Bit 5 in Type I status. 

In summary for the Type I commands: if h = 0 and V = 0, 
HLD is reset If h = 1 and V = 0, HLD is set at the 
beginning of the command and HLT is not sampled nor is 
there an internal 15 ms delay. If h = 0 and V = 1, HLD is 
set near the end of the command, an internal 15 ms occurs, 
and the FD179X waits for HLT to be true. If h = 1 and V = 
1, HLD is set at the beginning of the command. Near the 
end of the command, after all the steps have been issued, 
an internal 15 ms delay occurs and the FD179X then waits 
for HLT to occur. 

For Type II and ill commands with E flag off, HLD is made 
active and HLT is sampled until true. With E flag on, HLD is 
made active, an internal 15 ms delay occurs and then HLT 
is sampled until true. 

RESTORE (SEEK TRACK 0) 

Upon receip t of th is command the Track 00 (TROO) input is 
sampled. If TROO is active low indicating the Read-Write 
head is positioned over track 0, the Track Regi ster is loaded 
with zeroes and an interrupt is generated. If TROO is not 
active low, stepping pulses (pins 15 to 16) at a rate specified 
by the H ro field are issued until the TROO input is activated. 
At this time the Track Regist er is lo aded with zeroes and an 
interrupt is generated. If the TROO input does not go active 
low after 255 stepping pulses, the FD179X terminates 
operation, interrupts, and sets the Seek error status bit, 
providing the V flag is set. A verification operation also 
takes place if the V flag is set. The h bit allows the head to 
be loaded at the start of command. Note that the Restore 
command Is executed when MR goes from an active to an 
inactive state and that the DRO pin stays low. 

SEEK 

This command assumes that the Track Register contains 
the track number of the current position of the Read-Write 
head and the Data Register contains the desired track 
number. The FD179X will update the Track register and 
issue stepping pulses in the appropriate direction until the 
contents of the Track register are equal to the contents of 
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VES COMMAND 



NO .-.RESTORE 




0^6 



TYPE I COMMAND FLOW 

the Data Register (the desired track location). A verification 
operation tal<es place if the V flag is on. The h bit allows the 
head to be loaded at the start of the command. An interrupt 
is generated at the completion of the command. Note: 
When using multiple drives, the track register must be 
updated for the drive selected before seeks are issued. 

STEP 

Upon receipt of this command, the FD179X issues one 
stepping pulse to the disk drive. The stepping motor 
direction is the same as in the previous step command. 
After a delay detemnined by the ■'li'O field, a verification 
takes place if the V flag is on. if the U flag is on, the Track 
Register is updated. The h bit allows the head to be loaded 
at the start of the command. An interrupt is generated at 
the completion of the command. 

STEP-IN 

Upon receipt of this command, the FD179X issues one 
stepping pulse in the direction towards track 76. If the U 




SET DIRECTION 




0 



CO 

2 

to 



TYPE I COMMAND FLOW 

flag is on, the Track Register is incremented by one. After a 
delay determined by the nro field, a verification takes place 
if the V flag is on. The h bit allows the head to be loaded at 
the start of the command. An intemjpt is generated at the 
completion of the command. 

STEP-OUT 

Upon receipt of this command, the FD179X issues one 
stepping pulse in the direction towards track 0. If the U flag 
is on, the Track Register is decremented by one. After a 
delay determined by the field, a verification takes place 
if the V flag is on. The h bit allows the head to be loaded at 
the start of the command. An interrupt is generated at the 
completion of the command. 

EXCEPTIONS 

On the 1795/7 devices, the 880 output is not affected 
during Type 1 commands, and an internal side compare 

does not take place when the (V) Verify Flag is on. 
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TYPE I COMMAND FLOW 
TYPE II COMMANDS 



The Type II Commands are the Read Sector and Write 
Sector commands. Prior to loading the Type II Command 
into the Command Register, the computer must load the 
Sector Register with the desired sector number. Upon 
receipt of the Type II command, the busy status Bit is set. If 
the E flag = 1 (this is the nomnai case) HLD is made active 
and HLT is sampled after a 15 msec delay. If the E flag is 0, 
the head is loaded and HLT sampled with no 15 msec 
delay. The ID field and Data Field fomiat are shown on page 
13. 

When an ID field Is located on the dlsi<, the FD179X 
compares the Track Number on the ID field with the Track 
Register. If there Is not a match, the next encountered ID 
field is read and a comparison Is again made. If there was a 
match, the Sector Number of the ID field Is compared with 
the Sector Register, if there is not a Sector match, the next 
encountered ID field is read off the disk and comparisons 
again made, if the ID field ORG is correct, the data field is 



then located and will be either written into, or read from 
depending upon the command. The FD179X must find an 
ID field with a Track number, Sector number, side number, 
and CRC within four revolutions of the disk; othenwise, the 
Record not found status bit is set (Status bit 3) and the 
command is temninated with an interrupt. 



ENTER 



TYPE II NO 

COMMAND 

RECEIVED 



SET BUSY, RESET ORO. LOST 
DATA. RECORD NOT FOUND, t 
STATUS BITS 5*8 INTRQ 




COPY 'S' FLAG TO 
SSO LINE (1798(7 ONLY) 



7 



SET HLD 




SET 
TQ43 



■NOTE: jp TEST > 0, THERE 18 NO 16MS DELAY 

IFTKr = 1 AND CLK = 1 MHz, THERE IS 30MS DELAY 

TYPE 11 COMMAND 

Each of the Type ii Commands contains an (m) flag which 
detennlnes if multiple records (sectors) are to be read or 
written, depending upon the command. If m = 0, a single 
sector Is read or written and an Inten^pt Is generated at the 
completion of the command. If m = 1, multiple records are 
read or written with the sector register internally updated 
so that an address verification can occur on the next 
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record. The FD179X will continue to read or write multiple 
records and update the sector register in numerical 
ascending sequence until the sector register exceeds the 
number of sectors on the track or until the Force Interrupt 
command Is loaded into the Command Register, which 
terminates the command and generates an interrupt. 

For example: If the FD179X is instructed to read sector 27 
and there are only 26 on the track, the sector register ex- 
ceeds the number available. The FD179X will search for 5 
disk revolutions, interrupt out, reset busy, and set the 
record not found status bit. 

The Type II commands for 1791-94 also contain side select 
compare flags. When C = 0 (Bit 1) no side comparison is 
made. When C = 1, the LSB of the side number is read off 
the ID Field of the disk and compared with the contents of 
the (S) flag (Bit 3). If the S flag compares with the side 
number recorded in the ID field, the FD179X continues with 
the ID search. If a comparison is not made within 5 index 
pulses, the interrupt line is made active and the Record- 
Not-Found status bit is set. 



1 


1 

VE ^S. YES X 
HOLESS— W INTRO. RESET BUSY 1 
SED ' VJ^''' RECORD-NOT FOUND/ 

1 y/^ ^ ^ 

NO 

AM 

EN > 

cTED y'^ 

YES 

ES . 

S OF ID ^ 
LD 

YES 

ESS. 
CTOH^. 
S OF ID ^ 

YES 

EsV,^ 
E NO>v 

ELD,/^ 
YES 


HA 

<6INDE> 
PAS 


DETE 
NO .^^"^^ ^ 


4 — — — ^ ADORES 

FIE 

NO - S 


• SwADDRES 

NO ' SIC 


^ 0 

\jD F 


BRING IN SECT 
STORE LENQ 
REO 


3R LENGTH FIELD 
rn IN INTERNAL 
ISTER 


1 1 „R 1 

SET CRC J- THE 
STATUS ERROR * X. CRC E 

1 

>^COMk 

^ ' 
^\ WR 


LnoT^V^^ RESET 
vvjn CRC 

iandV^ no 

^^y/^ •■• BEAD 

YES 

) 0 



The Type II and 111 commands for the 1795-97 contain a side 
select flag (Bit 1). When U = 0, SSO Is updated to 0. 
Similarly, U = 1 updates SSO to 1. The chip compares the 
SSO to the ID field. If they do not compare within 5 
revolutions the Intenxipt line is made active and the RNF 
status bit Is set. 

The 1795/7 READ SECTOR and WRITE SECTOR com- 
mands include a 'L' flag. The 'L' flag, in conjunction with 
the sector length byte of the ID Field, allows different byte 
lengths to be implemented in each sector. For IBM 
compatability, the 'L' flag should be set to a one. 

READ SECTOR 

Upon receipt of the Read Sector command, the head is 
loaded, the Busy status bit set, and when an ID field is 
encountered that has the correct track number, correct 
sector number, correct side number, and correct CRC, the 
data field is presented to the computer. The Data Address 



-*4 
CO 

X 

o 
to 



READ SECTOR 
SEQUENCE 




c 



3 



INTHQ FIESET BUSY 



9 



TYPE n COMMAND 



TYPE II COMMAND 
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WRITE SECTOR 
SEQUENCE 



OEL*V 2 BYTES OF QAP 



DELAY 8 BYTES OF GAP 



(INTRO. HESET BUSyA 
SET LOST DATA j 




DELAY 1 BYTE OF OAP 



DELAY 1 1 BYTES 



WRITE DATA AM 
ACCORDINQ TO AO FIELD 
OF WRITE COMMAND 



DR TO OSn. SET ORO 



WRITE BYTE TO DISK 




SET DATA 
LOST 
WRITE BYTE 
OF ZEROS 



WRITE 1 BYTE OF FF 



TURN OFF WG 



0 



TYPE II COMMAND 

Mark of the data field must be found within 30 bytes in 
single density and 43 bytes in double density of the last ID 
field CRC byte; if not, the ID field is searched for and 
verified again followed by the Data Address Mark search. If 
after 5 revolutions the DAM cannot be found, the Record 
Not Found status bit is set and the operation is terminated. 
When the first character or byte of the data field has been 
shifted through the DSR, it is transferred to the DR, and 
DRQ is generated. When the next byte is accumulated in 
the DSR, it is transferred to the DR and another DRQ is 
generated. If the Computer has not read the previous 
contents of the DR before a new character is transferred 
that character is lost and the Lost Data Status bit is set. 
This sequence continues until the complete data field has 
been Inputted to the computer. If there is a CRC en'or at the 
end of the data field, the CRC en^or status bit is set, and the 
command is terminated (even if it is a multiple record 
command). 

At the end of the Read operation, the type of Data Address 
Mark encountered in the data field is recorded in the Status 

Register (Bit 5) as shown: 



STATUS 
BITS 



1 Deleted Data Mark 

0 Data Mark 

WRITE SECTOR 

Upon receipt of the Write Sector command, the head is 
loaded (HLD active) and the Busy status bit Is set. When an 
ID field is encountered that has the correct track number, 
correct sector number, correct side number, and correct 
CRC, a DRQ is generated. The FD179X counts off 11 bytes 
in single density and 22 bytes in double density from the 
CRC field and the Write Gate (WG) output is made active if 
the DRQ is serviced (i.e., the DR has been loaded by the 
computer). If DRQ has not been serviced, the command is 
terminated and the Lost Data status bit is set. If the DRQ 
has been serviced, the WG is made active and six bytes of 
zeroes in single density and 12 bytes in double density are 
then written on the disk. At this time the Data Address 
Mark is then written on the disk as determined by the ^0 
field of the command as shown below: 



ao 



Data Address Mark (Bit 0) 



1 Deleted Data Mark 

0 Data Mark 

The FD179X then writes the data field and generates DRQ's 
to the computer. If the DRQ is not serviced in time for 
continuous writing the Lost Data Status Bit is set and a 
byte of zeroes is written on the disk. The command is not 
terminated. After the last data byte has been written on the 
disk, the two-byte CRC is computed internally and written 
on the disk followed by one byte of logic ones in FM or in 
MFM. The WG output is then deactivated. For a 2 MHz 
clock the INTRO will set 8 to 12 fisec after the last CRC byte 
is written. For partial sector writing, the proper method is to 
write the data and fill the balance with zeroes. By letting the 
chip fill the zeroes, errors may be masked by the lost data 
status and improper CRC Bytes. 

TYPE III COMMANDS 

READ ADDRESS 

Upon receipt of the Read Address command, the head 
is loaded and the Busy Status Bit is set. The next 
encountered ID field is then read in from the disk, and 
the six data bytes of the ID field are assembled and 
transferred to the DR, and a DRQ is generated for each 
byte. The six bytes of the ID field are shown below: 



TRACK 
ADDR 


SIDE 
NUMBER 


SECTOR 
ADDRESS 


SECTOR 
LENGTH 


CRC 
1 


CRC 
2 


1 


2 


3 


4 


5 


6 



Although the CRC characters are transferred to the 
computer, the FD179X checks for validity and the CRC 
error status bit is set if there is a CRC error. The Track 
Address of the ID field is written into the sector 
register so that a comparison can be made by the 
user. At the end of the operation an interrupt is 
generated and the Busy Status is reset. 
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READ TRACK 

Upon receipt of the READ track command, the head is 
loaded, and the Busy Status bit is set. Reading starts with 
the leading edge of the first encountered index pulse and 
continues until the next index pulse. All Gap, Header, and 
data bytes are assembled and transferred to the data 
register and DRQ's are generated for each byte. The ac- 
cumulation of bytes is synchronized to each address mark 
encountered. An interrupt is generated at the completion of 
the command. 

This command has several characteristics which make it 
suitable for diagnostic purposes. They are: the Read Gate 



is not activated during the command; no CRC checking is 
performed; gap information is Included in the data stream; 
the internal side compare is not performed; and the ad- 
dress mark detector is on for the duration of the command. 
Because the A.M. detector is always on, write splices or 
noise may cause the chip to look for an A.M. If an address 
mark does not appear on schedule the Lost Data status flag 
is set. 

The ID A.M., ID field, ID CRC bytes, DAM, Data, and Data 
CRC Bytes for each sector will be correct. The Gap Bytes 
may be read incorrectly during write-splice time because of 
synchronization. 



CO 

X 

6 
to 




SET BUSY. RESET DRQ. 
LOST DATA. STATUS 

BITS 4, S 




(INTRO J 
RESET BUSY J 



G 




SET INTRO 
LOST DATA 
RESET BUSV 






(5 



INTRO RESET BUSY 




WRITE FD, FE OR 
FfrFB, CLK > C7 
INITIALIZE CRC 




WRITE 
BYTE OF ZEROS 
SET DATA LOST 




WRITE AT IN MFM 
WITH MISSING CLOCK 
INITIALIZE CRC 



TYPE III COMMAND WRITE TRACK 



TYPE III COMMAND WRITE TRACK 



185 



CONTROL BYTES FOR INITIALIZATION 



DATA PATTERN 
IN DR (HEX) 


FD179X INTERPRETATION 
IN FM (DDEN = 1) 


FD1 791/3 INTERPRETATION 

IN MFM (DDEN = 0) 


00 thru F4 

F5 

F6 

F7 

F8 thru FB 

FC 

FD 

FE 

FF 


Write 00 thru F4 with CLK = FF 

Not Allowed 

Not Allowed 

Generate 2 CRC bytes 

Write FB thru FB, Clk = C7, Preset CRC 

Write FC with Clk = D7 

Write FD with Clk = FF 

Write FE, Clk = C7, Preset CRC 

Write FF with Clk = FF 


Write 00 thru F4, in MFM 
Write A1* in MFM, Preset CRC 
Write C2** in MFM 
Generate 2 CRC bytes 
Write FB thru FB, in MFM 
Write FC in MFM 
Write FD in MFM 
Write FE in MFM 
Write FF in MFM 



* Missing clock transition between bits 4 and 5 ** Missing clock transition between bits 3 & 4 



WRITE TRACK FORMATTING THE DISK 

(Refer to section on Type III commands for flow diagrams.) 

Formatting the disk is a relatively simple task when 
operating programmed I/O or when operating under DMA 
with a large amount of memory. Data and gap Information 
must be provided at the computer interface. Formatting the 
disk is accomplished by positioning the RAW head over the 
desired track number and issuing the Write Track com- 
mand. 

Upon receipt of the Write Track command, the head is 
loaded and the Busy Status bit is set. Writing starts with 
the leading edge of the first encountered index pulse and 
continues until the next index pulse, at which time the 
interrupt is activated. The Data Request is activated im- 
mediately upon receiving the command, but writing will not 
start until after the first byte has been loaded into the Data 
Register. If the DR has not been loaded by the time the 
index pulse Is encountered the operation is terminated 
making the device Not Busy, the Lost Data Status Bit is set, 
and the Interrupt is activated. If a byte is not present in the 
DR when needed, a byte of zeroes is substituted. 

This sequence continues from one index mark to the next 
index mark. Normally, whatever data pattem appears In the 
data register Is written on the disk with a normal clock 
pattem. However, If the FD179X detects a data pattem of 
F5 thru FE in the data register, this is Interpreted as data 
address marks with missing clocks or CRC generation. 

The CRC generator is initialized when any data byte from 
F8 to FE is about to be transferred from the DR to the DSR 
in FM or by receipt of F5 in MFM. An F7 pattern will 
generate two CRC characters in FM or MFM. As a con- 
sequence, the patterns F5 thru FE must not appear in the 
gaps, data fields, or ID fields. Also, CRC's must be 
generated by an F7 pattern. 

Disks may be formatted in IBM 3740 or System 34 formats 
with sector lengths of 128, 256, 512, or 1024 bytes. 

TYPE IV COMMANDS 

The Forced Interrupt command is generally used to ter- 
minate a multiple sector read or write command or to in- 



sure Type I status in the status register. This command can 
be loaded into the command register at any time. If there is 
a current command under execution (busy status bit set) 
the command will be terminated and the busy status bit 
reset. 

The lower four bits of the command determine the con- 
ditional interrupt as follows: 

'O = Not-Ready to Ready Transition 
h = Ready to Not-Ready Transition 
'2 = Every Index Pulse 
'3 = Immediate Interrupt 

The conditional inten-upt is enabled when the cor- 
responding bit positions of the command ('3 - 'O) are set to 
a 1. Then, when the condition for interrupt is met, the IN- 
TRO line will go high signifying that the condition specified 
has occun-ed. If '3 - 'O are all set to zero (HEX DO), no in- 
terrupt will occur but any command presently under 
execution will be immediately terminated. When using the 
immediate interrupt condition (I3 = 1) an interrupt will be 
immediately generated and the current command ter- 
minated. Reading the status or writing to the command 
register will not automatically clear the interrupt. The HEX 
DO is the only command that will enable the immediate 
interrupt (HEX D8) to clear on a subsequent load command 
register or read status register operation. Follow a HEX D8 
with DO command. 

Wait 8 micro sec (double density) or 16 micro sec (single 
density before issuing a new command after issuing a 
forced interrupt (times double when clock = 1 MHz). 
Loading a new command sooner than this will nullify the 
forced interrupt. 

Forced interrupt stops any command at the end of an in- 
ternal micro-instruction and generates INTRQ when the 
specified condition is met. Forced interrupt will wait until 
ALU operations in progress are complete (CRC 
calculations, compares, etc.). 

More 'than one condition may be set at a time. If for 
example, the READY TO NOT-READY condition (H = 1) 
and the Every Index Pulse ('2 = 1) are both set, the 
resultant command would be HEX "DA". The "OR" func- 
tion is performed so that either a READY TO NOT- READY 
or the next index Pulse will cause an interrupt condition. 
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^ ENTER ^ 



SET BUSY 
RESET STATUS 
BITS 2, 4, 5 






INTRQ 
RESET BUSY 



READ 
ADDRESS 



READ TRACK 
SEQUENCE 




INDEX 
PULSE 



SHIFT ONE BIT 
INTO DSR 



TRANSFER 
DSR TO DR 



SET 
DRQ 



•If TEST= i NO DELAY 
If TEST-1 and CLK-1 MHZ, 30 MS DELAY 



TYPE III COMMAND 

Read track/Address 




J SET INTRQ A 

RESET BUSY J 



SET LOST 
DATA BIT 
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READ ADDRESS 
SEQUENCE 



HESET BUSY 
SET INTHQ 
SET RNF 



SHIFT 
INTO 


BYTE 
OSR 






TRANSFER 
BYTE TO DR 






SET DRQ 






YES 


TRANSFER TRACK 
NUMBER TO SECTOR 
REGISTOR 








CRC 
ERROR 



SET CRC 
ERROR BIT 



c 



SET INTRO 

RESET BUSY 



3 



TYPE III COMMAND 

Read Track/Address 



STATUS REGISTER 

Upon receipt of any command, except the Force Interrupt 
command, the Busy Status bit is set and the rest of the 
status bits are updated or cleared for the new command. If 
the Force Interrupt Command is received when there is a 
current command under execution, the Busy status bit is 
reset, and the rest of the status bits are unchanged. If the 
Force Interrupt command is received when there is not a 
cun'ent command under execution, the Busy Status bit is 
reset and the rest of the status bits are updated or cleared. 
In this case, Status reflects the Type I commands. 

The user has the option of reading the status register 
through program control or using the DRQ line with DMA or 
interrupt methods. When the Data register is read the DRQ 
bit in the status register and the DRQ line are automatically 
reset. A write to the Data register also causes both DRQ's 
to reset. 

The busy bit In the status may be monitored with a user 
program to determine when a command is complete, in 
lieu of using the INTRQ line. When using the INTRQ, a busy 
status check is not recommended because a read of the 
status register to determine the condition of busy will reset 
the INTRQ line. 



The format of the Status Register is shown below: 



(BITS) 


7 


6 


5 


4 


3 


2 


1 


0 


S7 


S6 


S5 


S4 


S3 


S2 


S1 


so 



status varies according to the type of command executed 
as shown In Table 4. 

Because of internal sync cycles, certain time delays must 
be observed when operating under programmed I/O. They 
are: (times double when clock = 1 MH4 



Operation 


Next Operation 


Delay Req'd. 
FM 1 MFM 


Write to 
Command Reg. 


Read Busy Bit 
(Status Bit 0) 


12 MS 


1 6ms 

1 


Write to 
Command Reg. 


Read Status 
Bits 1-7 


28 MS 


1 14 MS 

1 


Write Any 
Register 


Read From Diff. 
Register 


0 


1 



IBM 3740 FORMAT — 128 BYTES/SECTOR 

Shown below is the IBM single-density format with 128 
bytes/sector. In order to format a diskette, the user must 
issue the Write Track command, and load the data register 
with the following values. For every byte to be written, there 
is one Data Request. 
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IBM 3740 FORMAT -> 128 BYTES/SECTOR 

Shown below is the IBM single-density fomfiat with 128 
bytes/sector. In order to format a disl^ette, the user must 
issue the Write Track command, and load the data register 
with the following values. For every byte to be written, there 
is one Data Request. 



IBM SYSTEM 34 FORMAT- 256 BYTES/SECTOR 

Shown below is the IBM dual-density format with 256 
bytes/sector. In order to format a diskette the user must 
Issue the Write Track command and load the data register 
with the following values. For every byte to be written, there 
Is one data request. 



NUMBER 


UCV %#AI HE f\C 


OF BYTES 


BYTc WRITTEN 


40 


FF(orOO)' 


6 


00 


1 


FC (Index Mark) 


26 


FF(orOOV 




6 


00 




1 


FE (ID Address Mark) 




1 


Track Number 




1 


Side Number (00 or 01) 




1 


Sector Number (1 thru 1A) 




1 


00 (Sector Length) 




1 


F7 (2 CRC's written) 




11 


FF(orOO)' 




6 


00 




1 


FB (Data Address Mark) 




128 


Data (IBM uses E5) 




1 


F7 (2 CRC's written) 




27 


FF(orOO)^ 


247** 


FF(orOO)' 



"Write bracketed field 26 times 
**Continue writing until FD179X interrupts out. 

Approx. 247 bytes. 
1-Optional '00' on 1795/7 only. 



NUMBER 
OF BYTES 



HEX VALUE OF 
BYTE WRITTEN 



on 


AC 


12 


00 


•J 


PR AA/ritoe 
~D \Vvi lloo 


i 
1 




* 50 


4E 


i£ 


uu 


o 
o 


PH AA/ritoo A1\ 


1 


FE (ID Address Mark) 


1 


Track Number (0 thru 4C) 


1 


Side Number (0 or 1) 


1 


Sector Number (1 thru 1A) 


1 


01 (Sector Length) 


1 


F7 (2 ORGS written) 


22 


4E 


12 


00 


3 


F5 (Writes A1) 


1 


FB (Data Address Mark) 


256 


DATA 


1 


F7 (2 CRCs written) 


54 


4E 


598** 


4E 



CO 

o 

lO 



*Write bracketed field 26 times 
'Continue writing until FD179X interrupts out. 
Approx. 598 bytes. 




i 




IBM TRACK FORMAT 
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CO 

o 

lO 



1. NON-IBM FORMATS 

Variations in tiie IBM formats are possible to a limited 
extent If the following requirements are met: 

1) Sector size must be 128, 256, 512 or 1024 bytes. 

2) Gap 2 cannot be varied from the IBM format. 

3) 3 bytes of A1 must be used In MFM. 

in addition, the Index Address Marl< is not required for 
operation by the FD179X. Gap 1, 3, and 4 lengths can be as 
short as 2 bytes for FD179X operation, however PLL locl< up 
time, motor speed variation, write-splice area, etc. will add 
more bytes to each gap to achieve proper operation. It Is 
recommended that the IBM format be used for highest 
system reliability. 





FM 


MFM 


Gapl 


16 bytes FF 


32 bytes 4E 


Gap II 


11 bytes FF 


22 bytes 4E 




6 bytes 00 


12 bytes 00 






3 bytes A1 


Gap III** 


10 bytes FF 


24 bytes 4E 




4 bytes 00 


8 bytes 00 






3 bytes A1 


Gap IV 


16 bytes FF 


16 bytes 4E 



*Byte counts must be exact. 

**Byte counts are minimum, except exactly 3 bytes of A1 
must be written. 



INTRO ^ 




NOTE 1 CS MAV BE PEflMANENTLV TIED LOW IF DESIRED 
•TIME OOUBIES WHEN CLOCK IMHl 

t SERVICE (WORST CASEl 
'FM 27SuS 
-UFM 13 5uS 

OHO RISING EDGE: INDICATES THAT THE DATA REGISTER HAS ASSEMBLED 
DATA, 

DRQ FALLING EDGE: INDICATES THAT THE DATA REGISTER WAS READ 
INTRO RISING EDGE: OCCURS AT END OF COMMAND 

INTRO FALLING EDGE: INDICATES THAT THE STATUS REGISTER WAS READ. 



READ ENABLE TIMING 



TIMING CHARACTERISTICS 

Ta = QOC to 700C, Vdd = + 12V ± .6V, Vss = OV, Vcc =+5V ± .25V 



READ ENABLE TIMING (See Note 6, Page 21) 



SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNITS 


CONDITIONS 


TSET 


Setup ADDR & CS to RE 


50 






nsec 




THLD 


Hold ADDR & CS from RE 


10 






nsec 




TRE 


RE Pulse Width 


400 






nsec 


Cl = 50 pf 


TDRR 


DRQ Reset from RE 




400 


500 


nsec 




TIRR 


INTRQ Reset from_RE 




500 


3000 


nsec 


See Note 5 


TDACC 


Data Access from RE 






350 


nsec 


Cl = 50 pf 


TDOH 


Data Hold From RE 


50 




150 


nsec 


Cl = 50 pf 



WRITE ENABLE TIMING (See Note 6, Page 21) 



SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNITS 


CONDITIONS 


TSET 


Setup ADDR & CS to WE 


50 






,nsec 




THLD 


Hold ADDR & CS from WE 


10 






nsec 




TWE 


WE Pulse Width 


350 






nsec 




TDRR 


DRQ Reset from WE 




400 


500 


nsec 




TIRR 


INTRQ Reset from WE 




500 


3000 


nsec 


See Note 5 


TDS 


Data Setup to WE 


250 






nsec 




TDH 


Data Hold from WE 


70 






nsec 
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I* 



TdhI— - 



'MFM 11 iuS 



NOTE 1 CS MAY BE PERMANENTLY TIED LOW IF DESIRED 

2 WHEN WRITING DATA INTO SECTOR TRACK OR DATA 
REGISTER USER CANNOT READ THIS REGISTER UNTIL 
AT LEAST 4 mSEC IN MFM AFTER THE RISING EDGE OF WE 
WHEN WRITING INTO THE COMMAND REGISTER STATUS 
IS NOT VALID UNTIL SOME 28 i/SEC IN FM. 14 ^SEC IN MFM 



DRQ RISING EDGE: INDICATES THAT THE DATA REGISTER IS EMPTY 
ORQ FALLING EDGE; INDICATES THAT THE DATA REGISTER IS LOADED 
INTRO RISING EDGE: INDICATE THE END OF A COMMAND 
INTRO FALUNS EDGE: INDICATES THAT THE COMMAND REGISTER 
IS WRITTEN TO 





NOMINAL 


DISKETTE 


MODE 


DDEN 


CLK 


T. 


Tb 


T, 


8" 


MFM 


0 


2 MHz 


1 ixS 


1 nS 


2 mS 


8" 


FM 


1 


2 MHz 


2 ixs 


2/118 


4 MS 


5" 


MFM 


0 


1 MHz 


2 MS 


2 MS 


4 MS 


5" 


FM 


1 


1 MHz 


4 juS 


4 MS 


8 MS 



CO 

X 

6 
to 



INPUT DATA TIMING 



WRITE ENABLE TIMING 
INPUT DATA TIMING: 



SYMBOL 



CHARACTERISTIC 



MIN. 


TYP. 


100 


200 


1500 


2000 


1500 


2000 


40 




40 





MAX. 



UNITS 


CONDITIONS 


nsec 


See Note 1 


nsec 


1800 ns @ 70°C 


nsec 


1800 ns @ 70°C 


nsec 


See Note 1 


nsec 


Sed Note 1 



Tpw 

tbc 

Tc 

Txi 

TX2 



Raw Read Pulse Width 

Raw Read Cycle Time 
RCLK Cycle Time 



RCLK hold to Raw Read 



Raw Read hold to RCLK 



WRITE DATA TIMING: (ALL TIMES DOUBLE WHEN CLK = 1 MHz) (See Note 6, Page 21) 



SYMBOL 


CHARACTERISTICS 


MIN. 


TYP. 


MAX. 


UNITS 


CONDITIONS 


Twp 


Write Data Pulse Width 




500 


650 


nsec 


FM 








200 


350 


nsec 


MFM 


Twg 


Write Gate to Write Data 




2 




^isec 


FM 








1 




/xsec 


MFM 


Tbc 


Write data cycle Time 




2,3, or 4 




/xsec 


±CLK Error 


Ts 


Early (Late) to Write Data 


125 






nsec 


MFM 


Th 


Early (Late) From 


125 






nsec 


MFM 




Write Data 












Twf 


Write Gate off from WD 




2 




^lsec 


FM 








1 




ixsec 


MFM 


Twdl 


WD Valid to Cll< 


100 






nsec 


CLK=1 MHZ 






50 






nsec 


CLK=2 MHZ 


Twd2 


WD Valid after CLK 


100 






nsec 


CLK=1 MHZ 






30 






nsec 


CLK=2 MHZ 
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CLK 

(2MHZ) 1 
DDEN = 1 1 


< 250 NS >| 

L 


y/////A 


V/////A 


Twdl »>| |< • Twd2 

"pt 125 >■ 

CLK , 

(2MHZ) 1 
mnPN - m 1 


4^ 125 1* 








y////A \ V//////. 


Twdl 1»| 

WD MUST HAVE RISING EDGE IN FIRST SHADED AREA AND TRAILING 
EDGE IN SECOND SHADED AREA. 

WRITE DATA/CLOCK RELATIONSHIP 


|i4 Twd2 



WRITE DATA TIMING 



MISCELLANEOUS TIMING: (Times Double When Clock = 1 MHz) (See Note 6, Page 21) 



SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNITS 


CONDITIONS 


TCDi 


Clock Duty (low) 


230 


250 


20000 


nsec 




TCD2 


Clock Duty (high) 


200 


250 


20000 


nsec 




TSTP 


Step Pulse Output 


2or4 


12 




/i.sec 


See Note 5 


TDIR 


Dir Setup to Step 






/isec 


± CLK ERROR 


TMR 


Master Reset Pulse Width 


50 






/u,sec 


TIP 


Index Pulse Width 


10 






ju,sec 


See Note 5 


TWF 


Write Fault Pulse Width 


10 






/isec 
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NOTES: 

1. Pulse width on RAW READ (Pin 27) is normally 
100-300 ns. However, pulse may be any width if 
pulse is entirely within window. If pulse occurs in both 
windows, then pulse width must be less than 300 ns 
for MFM at CLK = 2 MHz and 600 ns for FM at 2 
MHz. Times double for 1 MHz. 

2. A PPL Data Separator is recommended for 8" MFM. 

3. tbc should be 2 jxs, nominal in MFM and 4 /xs nominal 
in FM. Times double when CLK = 1 MHz. 

4. RCLK may be high or low during RAW READ (Polarity 
is unimportant). 

5. Times double when clock = 1 MHz. 

6. Output timing readings are at Vol = 0.8v and Voh = 
2.0v. 



MISCELLANEOUS TIMING 

♦FROM STEP RATE TABLE 

Tabie 4. STATUS REGISTER SUMMARY 



■n 
Q 

CO 

o 
ro 





ALL TYPE [ 


READ 


READ 


READ 


WRITE 


WRITE 


BIT 


COMMANDS 


ADDRESS 


SECTOR 


TRACK 


SECTOR 


TRACK 


S7 


NOT READY 


NOT READY 


NOT READY 


NOT READY 


NOT READY 


NOT READY 


S6 


WRITE 


0 


0 


0 


WRITE 


WRITE 




PROTECT 








PROTECT 


PROTECT 


S5 


HEAD LOADED 


0 


RECORD TYPE 


0 


WRITE FAULT 


WRITE FAULT 


S4 


SEEK ERROR 


RNF 


RNF 


0 


RNF 


0 


S3 


CRC ERROR 


CRC ERROR 


CRC ERROR 


0 


CRC ERROR 


0 


S2 


TRACK 0 


LOST DATA 


LOST DATA 


LOST DATA 


LOST DATA 


LOST DATA 


SI 


INDEX PULSE 


DRQ 


DRQ 


DRQ 


DRQ 


DRQ 


SO 


BUSY 


BUSY 


BUSY 


BUSY 


BUSY 


BUSY 



STATUS FOR TYPE I COMMANDS 



BIT NAME 


MEANING 


S7 NOT READY 


This bit when set Indicates the drive is not ready. When reset it indicates that the drive 
is ready. This bit is an inverted copy of the Ready input and logically 'ored' with MR. 


S6 PROTECTED 


When set, indicates Write Protect is activated. This bit is an inverted copy of WRPT 
input. 


S5 HEAD LOADED 


When set, it indicates the head is loaded and engaged. This bit is a logical "and" of 
HLD and HLT signals. 


S4 SEEK ERROR 


When set, the desired tracl< was not verified. This bit is reset to 0 when updated. 


S3 CRC ERROR 


CRC encountered in ID field. 


S2 TRACK 00 


When set, indicates Read/Write head is positioned to Track 0. This bit is an inverted 
copy of the TROO input. 


SI INDEX 


When set, indicates index mark detected from drive. This bit is an inverted copy of the 
IP input. 


SO BUSY 


When set command is in progress. When reset no command is in progress. 
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STATUS FOR TYPE II AND III COMMANDS 



BIT NAME 


MEANING 


S7 NOT READY 


This bit wlien set indicates the drive is not ready. When reset, it indicates that the drive 
is ready. This bit is an inverted copy of the Ready Input and 'ored' with MR. The Type II 
and III Commands will not execute unless the drive is ready. 


86 WRITE PROTECT 


On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a 
Write Protect. This bit is reset when updated. 


S5 RECORD TYPE/ 
WRITE FAULT 


On Read Record: It indicates the record-type code from data field address mark. 
1 = Deleted Data Mark. 0 = Data Mark. On any Write: It indicates a Write Fault. This bit 
is reset when updated. 


84 RECORD NOT 
FOUND (RNF) 


When set, it indicates that the desired track, sector, or side were not found. This bit is 
reset when updated. 


83 CRC ERROR 


If 84 is set, an error is found in one or more ID fields; othenvise it indicates error in 
data field. This bit is reset when updated. 


82 LOST DATA 


When set, it indicates the computer did not respond to DRQ in one byte time. This bit is 
reset to zero when updated. 


81 DATA REQUEST 


This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read 
Operation or the DR is empty on a Write operation. This bit is reset to zero when up- 
dated. 


80 BUSY 


When set, command is under execution. When reset, no command is under execution. 



ELECTRICAL CHARACTERISTICS 

Absolute Maximum Ratings 
Vdd with repeat to Vss (ground): + 15 to 
Voltage to any input with respect to Vss 
Ice = 60 MA (35 MA nominal) 
Idd = 15 MA (10 MA nominal) 



OPERATING CHARACTERISTICS (DC) 

TA = 0°Cto70'"C, Vdd = + 12V ± .6V, Vss = OV, Vcc = + 5V ± .25V 



SYMBOL 


CHARACTERISTIC 


MIN. 


MAX. 


UNITS 


CONDITIONS 


I.L 


Input Leakage 




10 


mA 


ViN = Vdd** 


lOL 


Output Leakage 




10 


mA 


VouT = Vdd 


VlH 


Input High Voltage 


2.6 




V 




ViL 


Input Low Voltage 




0.8 


V 




VOH 


Output High Voltage 


2.8 




V 


lo = -100^<A 


Vol 


Output Low Voltage 




0.45 


V 


lo = 1.6 mA* 


Pd 


Power Dissipation 




0.6 


w 





*1792 and 1794 lo = 1.0 mA 

** Leakage conditions are for input pins without internal pull-up resistors. Pins 22, 23, 33, 36, and 37 have pull-up resistors. 
See Tech Memo #115 for testing procedures. 

See page 725 for ordering information. 



CiN & CouT = 15 pF max with all pins grounded except 
-0.3V one under test. 

= -I- 15 to - 0.3V Operating temperature = 0°C to 70°C 

Storage temperature = -55°Cto -)-125°C 
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WESTERN DIGITAL 

CORPORAT/ON 

FD179X Application Notes 



INTRODUCTION 

Over the past several years, the Floppy Disk Drive has 
become the most popular on-line storage device for 
mini and microcomputer systems. Its fast access time, 
reliability and low cost-per-bit ratio enables the Floppy 
Disk Drive to be the solution in mass storage for mi- 
croprocessor systems. The drive interface to the Host 
system is standardized, allowing the OEM to substitute 
one drive for another with minimum hardware/ software 
modifications. 

Since Floppy Disk Data is stored and retrieved as a 
self-clocking serial data stream, some means of sep- 
arating the clock from the data and assembling this 
data in parallel form must be accomplished. Data is 
stored on individual Tracks of the media, requiring con- 
trol of a stepper motor to move the Read/Write head 
to a predetermined Track. Byte sychronization must 
also be accomplished to insure that the parallel data 
is properly assembled. After all the design considera- 
tions are met, the final controller can consist of 40 or 
more TTL packages. 

To alleviate the burden of Floppy Disk Controller de- 
sign, Western Digital has developed a Family of LSI 
Floppy Disk controller devices. Through its own set of 
macro commands, the FD179X Controller Family will 
perform all the functions necessary to read and write 
data to the drive. Both the 8" standard and SVa" mini- 
floppy are supported with single or double density re- 
cording techniques. The FD179X is compatible with 
the IBM 3740 (FM) data format, or the System 34 
(MFM) standards. Provisions for non-standard formats 
and variable sector lengths have been included to pro- 
vide more storage capability per track. Requiring stan- 
dard -1-5, +12 power supplies the FD179X is available 
in a standard 40 pin dual-in-line package. 

The FD179X Family consists of 6 devices. The 
differences between these devices is summarized in 
Figure 1 . The 1792 and 1794 are "single density only" 
devices, with the Double Density Enable pin (DDEN) 
left open by the user. Both True and inverted Data bus 
devices are available. Since the 179X can only drive 
one TTL Load, a true data bus system may use the 
1791 with external inverting buffers to arrive at a true 
bus scheme. The 1795 and 1797 are identical to the 
1791 and 1793, except a side select output has been 
added that is controlled through thecommand Register. 



SYSTEM DESIGN 

The first consideration In Floppy Disk Design is to de- 
termine which type of drive to use. The choice ranges 
from single-density single sided mini-floppy to the 8" 
double-density double-sided drive. Figure 2 illustrates 
the various drive and data capacities associated with 
each type. Although the 8" double-density drive offers 
twice as much storage, a more complex data separator 
and the addition of Write Precompensation circuits are 
mandatory for reliable data transfers. Whether to go 
with 8" double-density or not Is dependent upon PC 
board space and the additional circuitry needed to ac- 
curately recover data with extreme bit shifts. The byte 
transfer time defines the nominal time required to 
transfer one byte of data from the drive. If the CPU 
used cannot service a byte in this time, then a DMA 
scheme will probably be required. The 179X also needs 
a few microseconds for overhead, which is subtracted 
from the transfer time. Figure 3 shows the actual ser- 
vice times that the CPU must provide on a byte-by-byte 
basis. If these times are not met, bytes of data will be 
lost during a read or write operation. For each byte 
transferred, the 179X generates a DRQ (Data Re- 
quest) signal on Pin 38. A bit is provided in the status 
register which is also set upon receipt of a byte from 
the Disk. The user has the option of reading the status 
register through program control or using the DRQ Line 
with DMA or interrupt schemes. When the data register 
is read, both the status register DRQ bit and the DRQ 
Line are automatically reset. The next full byte will 
again set the DRQ and the process continues until the 
sector(s) are read. The Write operation works exactly 
the same way, except a WRITE to the Data Register 
causes a reset of both DRQ's. 



RECORDING FORMATS 

The FD179X accepts data from the disk in a Fre- 
quency-Modulated (FM) or Modified-Frequency-Mod- 
ulated (MFM) Format. Shown in Figures 4A and 4B are 
both these Formats when writing a Hexidecimal byte 
of 'D2'. In the FM mode, the 8 bits of data are broken 
up into "bit cells." Each bit cell begins with a clock 
pulse and the center of the bit cell defines the data. If 
the data bit = 0, no pulse is written; if the data = 1, 
a pulse is written in the center of the cell. For the 8" 
drive, each clock is written 4 microseconds apart. 
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In the MFM mode, clocks are decoded into the data 
_ stream. The byte is again broken up into bit cells, with 
Q the data bit written in the center of the bit cell if data 
^ = 1 . Clocks are only written if both surrounding data 
!^ bits are zero. Figure 4B shows that this occurs only 
^ once between Bit cell 4 and 5. Using this encoding 
scheme, pulses can occur 2, 3 or 4 microseconds 
apart. The bit cell time is now 2 microseconds; twice 
as much data can be recorded without increasing the 
Frequency rate due to this encoding scheme. 

The 1 79X was designed to be compatible with the IBM 
3740 (FM) and System 34 (MFM) Formats. Although 
most users do not have a need for data exchange with 
IBM mainframes, taking advantage of these well stud- 
ied formats will insure a high degree of system 
performance. The 179X will allow a change in gap 
fields and sector lengths to increase usable storage 
capacity, but variations away from these standards is 
not recommended. Both IBM standards are soft-sector 
format. Because of the wide variation in address marks, 
the 179X can only support soft-sectored media. Hard 
sectored diskettes have continued to lose popularity, 
mainly due to the unavailability of a standard and the 
limitation of sector lengths imposed by the physical 
sector holes in the diskette. 



PROCESSOR INTERFACE 

The Interface of the 179X to the CPU consists of an 
8-bit Bi-directional bus, read/write controls and optional 
interrupt lines. By selecting the device via the CHIP 
SELECT Line, each of the five internal registers can 
be accessed. 



Shown below are the registers and their addresses: 



PIN 3 


PIN 6 


PIN 5 


PIN 4 


PIN 2 


OS 


Ai 


Ao 




WE=>cr 


0 


0 


0 


STATUS REG 


COMMAND 


0 


0 


1 


TRACK REG 


REG 


0 


1 


0 


SECTOR REG 


TRACK REG 


0 


1 


1 


DATA REG 


SECTOR REG 


1 


X 


X 


H1-Z 


DATA REG 










H1-Z 



Each time a command is issued to the 179X, the Busy 
bit is set and the INTRO (Interrupt Request) Line is 
reset. The user has the option of checking the busy bit 
or use the INTRO Line to denote command comple- 
tion. The Busy bit will be reset whenever the 179X is 
idle and awaiting a new command. The INTRO Line, 
once set, can only be reset by a READ of the status 
register or issuing a new command. The MR (Master 
Reset) Line does not affect INTRO. 



The Ao, Ai, Lines used for register selections can be 
configured at the CPU in a variety of ways. These lines 
may actually tie to CPU address lines, in which case 
the 179X will be memory-mapped and addressed like 
RAM. They may also be used under Program Control 
by tying to a port device such as the 8255, 6820, etc. 
As a diagnostic tool when checking out the CPU in- 
terface, the Track and Sector registers should respond 
like "RAM" when the 179X is idle (Busy = INTRO = 
0). 

Because of internal synchronization cycles, certain 
time delays must be introduced when operating under 
Programmed I/O. The worst case delays are: 



OPERATION 


NEXT 

OPERATION 


DELAY REO'D 


WRITE TO 
COMMAND REG 


READ STATUS 
REGISTER 


MFM = 14/AS* 
FM = 28)113. 


WRITE TO 
ANY REGISTER 


READ FROM A 
DIFFERENT REG 


NO DELAY 



*NOTE: Times Double when CLK = 1MHz (5V4" drive) 



Other CPU interface lines are CLK, MR and DDEN. 
The CLK line should be 2MHz (8" drive) or 1MHz (5V4" 
drive) with a 50% duty cycle. Accuracy should be ± 1% 
(crystal source) since all internal timing, including step- 
ping rates, are based upon this clock. 

The MR or Master Reset Line should be strobed a 
minimum of 50 microseconds upon each power-on 
condition. This line clears and initializes all internal reg- 
isters and issues a restore command (Hex '03') on the 
rising edge. A quicker stepping rate can be written to 
the command register after a MR, in which case the 
remaining steps will occur at the faster programmed 
rate. The 179X will issue a maximu m of 25 5 stepping 
pulses in an attempt to expect the TROO line to go 
active l ow. This line should be connected to the drive's 
TROO sensor. 

The DDEN line causes selection of either singl e den- 
sity (DDEN = 1) or double density operation. DDEN 
should not be switched during a read or write operation. 
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FLOPPY DISK INTERFACE 

The Floppy Disk Interface can be divided into three 
sections: Motor Control, Write Signals and Read Sig- 
nals. All of these lines are capable of driving one TTL 
load and not compatible for direct connection to the 
drive. Most drives require an open-collector TTL inter- 
face with high current drive capability. This must be 
done on all outputs from the 1 79X. Inputs to the 1 79X 
may be buffered or tied to the Drives outputs, providing 
the appropriate resistor termination networks are used. 
Undershoot should not exceed -0.3 volts, while integ- 
rity of V|H and Vqh levels should be kept within spec. 

MOTOR CONTROL 

Motor Control is accomplished by the STEP and DIRC 
Lines. The STEP Line issues stepping pulses with a 
period defined by the rate field in all Type I commands. 
The DIRC Line defines the direction of steps (DIRC = 
1 STEP IN/DIRC = 0 STEP OUT), 

Other Control Lines include thelP or Index Pulse. This 
Line is tied to the drives' Index L.E.D. sensor and 
makes an ac tive tra nsition for each revolution of the 
diskette. The TROO Line is another L.E.D. sensor that 
informs the 179X that the stepper motor is at its fur- 
thest position, over Track 00. The READY Line can be 
used for a number of functions, such as sensing "door 
open", Drive motor on, etc. Most drives provide a pro- 
grammable READY Signal selected by option jumpers 
on the drive. The 1 79X will look at the ready signal prior 
to executing READ/WRITE commands. READY \snot 
inspected during any Type I commands. All Type I 
commands will execute regardless of the Logic Level 
on this Line. 

WRITE SIGNALS 

Writing of data is accomplished by the use of the WD, 
WG, WF, TG43, EARLY and LATE Lines. The WG or 
Write Gate Line is used to enable write current at the 
drive's R/W head. It is made active prior to writing data 
on the disk. The WF or WRITE FAULT Line is used to 
inform the 179X of a failure in drive electronics. This 
signal is multiplexed with the VFOE Line and must be 
logically separated if required. Figure 5 illustrates three 
methods of demultiplexing. 

The TG43 or "TRACK GREATER than 43" Line is 
used to decrease the Write current on the inner tracks, 
where bit densities are the highest. If not required on 
the drive, TG43 may be left open. 

WRITE PRECOMPENSATION 

The 179X provides three signals for double density 
Write Precompensation use. These signals are WRITE 
DATA, EARLY and LATE. When using single density 
drives (eighter 8" or 51/4"), Write Precompensation is 
not necessary and the WRITE DATA line is generally 
TTL Buffered and sent directly to the drive. In this 
mode, EARLY and LATE are left open. 
For double density use. Write Precompensation is a 
function of the drive. Some manufacturers recommend 
Precompensating the 5W drive, while others do not. 



With the 8" drive, Precompensation may be specified 
from TRACK 43 on, or in most cases, all TRACKS. If _ 
the recommended Precompensation is not specified, q 
check with the manufacturer for the proper configura- «a 
tion required. 

The amount of Precompensation time also varies. A X 
typical value will usually be specified from 100-300ns. 
Regardless of the parameters used, Write Precom- 
pensation must be done external to the 179X. When 
DDEN is tied low, EARLY or LATE will be activated at 
least 125ns. before and after the Write Data pulse. An 
Algorithm internal the 179X decides whether to raise 
EARLY or LATE, depending upon the previous bit pat- 
tern sent As an example, suppose the recommended 
Precomp value has been specified at 150ns. The fol- 
lowing action should be taken: 

EARLY LATE ACTION TAK EN 

0 0 delay WD by 150ns (nominal) 

0 1 delay WD by 300ns (2X value) 

1 0 do not delay WD 



There are two methods of performing Write 
Precompensation: 

1 ) External Delay elements 

2) Digitally 

Shown in Figure 6 is a Precomp circuit using the West- 
ern Digital 2143 clock generator as the delay element. 
The WD pulse from the 179X creates a strobe to the 
2143, causing subsequent output pulses on \\\eJ^\,^2 
and ki signals. The 5K Precomp adjust sets the de- 
sired Precomp value. Depending upon the condition of 
EARLY and LATE, 0^ will be used for EARLY, ^2 for 
nominal (EARLY = LATE = 0), andj0'3 for LATE. The 
use of "one-shots" or delay line in a Write Precom- 
pensation scheme offers the user the ability to vary the 
Precomp value. The J0'4 output resets the 74LS175 
Latch in anticipation of the next WD pulse. Figure 7 
shows the WD-EARLY/LATE relationship, while Figure 
8 shows the timing of this write Precomp scheme. 
Another method of Precomp is to perform the function 
digitally. Figure 9 illustrates a relationship between the 
WD pulse and the CLK pin, allowing a digital Precomp 
scheme. Figure 10 shows such a scheme with a pre- 
set Write Precompensation value of 250ns. The syn- 
chronous counter is used to generate 2MHz and 4MHz 
clock signals. The 2MH2 clock is sent to the CLK input 
of the 179X and the 4MHz is used by the 4-bit shift 
register. When a WD pulse is not present, the 4MHz 
clock is shifting "ones" through the shift register and 
maintaining at a zero level. When a WD pulse is 
present, a zero is loaded at either A, B, or C depending 
upon the states of LATE, EN PRECOMP and EARLY. 
The zero is then shifted by the 4MHz clock until it 
reaches the Qd output. The number of shift operations 
determines whether the WRITE DATA pulse is written 
early, nominal or late. If both FM and MFM operations 
is a system requirement, the output of this circuit should 
be disabled and the WD pulse should be sent directly 
to the drive. 
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DATA SEPARATION 

-n The 179X has two inputs (RAW READ & RCLK) and 
O one output (VFOE) for use by an external data sepa- 
ls rator. The RAW READ input must present clock and 
3 data pulses to the 1 79X, while the RCLK input provides 
X a "window" or strobe signal to clock each RAW READ 
pulse into the device. An ideal Data Separator would 
have the leading edge of the RAW READ pulse occur 
in the exact center of the RCLK strobe. 
Motor Speed Variation, Bit shifts and read amplifier 
recovery circuits ail cause the RAW READ pulses to 
drift away from their nominal positions. As this occurs, 
the RAW READ pulses will shift left or right with re- 
spect to RCLK. Eventually, a pulse will make its tran- 
sition outside of its RCLK window, causing either a 
CRC error or a Record-not-Found error at the 179X. 
A Phase-Lock- Loop circuit is one method of achieving 
synchronization between the RCLK and RAW READ 
signals. As RAW READ pulses are fed to the PLL, 
minor adjustments of the free-running RCLK frequency 
can be made. If pulses are occurring too far apart, the 
RCLK frequency is decreased to keep synchroniza- 
tion. If pulses begin to occur closer together, RCLK is 
increased until this new higher frequency is achieved. 
In normal read operations, RCLK will be constantly 
adjusted in an attempt to match the incoming RAW 
READ frequency. 

Another method of Data Separation is the Counter- 
Separator technique. The RCLK signal is again free- 
running at a nominal rate, until a RAW READ pulse 
occurs. The Separator then denotes the position of the 
pulse with respect to RCLK (by the counter value), and 
counts down to increase or decrease the current RCLK 
window. The next RCLK window will occur at a nominal 
rate and will continue to run at this frequency until an- 
other RAW READ pulse adjusts RCLK, but only the 
present window is adjusted. 

Both PPL and Counter/Separator are acceptable 
methods of Data Separation. The PPL has the highest 
reliability because of its "tracking" capability and is rec- 
ommended for 8" double density designs. 
As a final note, the term "Data Separator" may be 
misleading, since the physical separation of clock and 
data bits are not actually performed. This term is used 
throughout the industry, and can better be described 
as a "Data Recovery Circuit" rather than a Data 
Separator. 

The VFOE signal is an output from the 1 79X that sig- 
nifies the head has been loaded and valid data pulses 
are appearing on the RAW READ line. It can be used 
to enable the Data Separator and to insure clean RCLK 
transitions to the 1 7gx. Since some drives will output 
random pulses when the head is disengaged, VFOE 
can prevent an erratic RCLK signal during this time. If 
the Data Separator requires synchronization during a 
known pattern of one's or zero's, then RG (READ 
GATE) can be used. The RG signal will go active when 
the 1 79X is currently over a field of zeros or ones. RG 
is not available on the 1795/1797 devices, since this 
signal was replaced with the SSO (Side Select Output) 
Line. 



Shown in Figure 1 1 is a 2V2 IC Counter/Separator. The 
74LS193 free runs at a frequency determined by the 
CRYCLK input. When a RAW READ pulse occurs, the 
counter is loaded with a starting count of '5'. When the 
RAW READ Line returns to a Logic 1, the counter 
counts down to zero and again free runs. The 74LS74 
insures a 50% duty cycle to the 179X and performs a 
divide-by-two of the Qd output. 
Figure 12 illustrates another Counter/Separator utiliz- 
ing a PROM as the count generator, Depending upon 
the RAW READ phase relationship to RCLK, the PROM 
is addressed and its data output is used as the counter 
value. A 16MHz clock is required for 8" double density, 
while an 8MHz clock can be used for single density. 
Figure 13 shows a Phase-Lock-Loop data recovery 
circuit. The phase detector (U2, Figure 2) compares 
the phase of the SHAPED DATA pulse to the phase 
of VFO CLK - 2. If VFO CLK 2 is lagging the 
SHAPED DATA pulse an output pulse on #9, U2 is 
generated. The filter/amplifier converts this pulse into 
a DC signal which increases the frequency of the VCO. 

If, correspondingly, CLK h- 2 is leading the SHAPED 
DATA pulse, an output pulse on #5, U2 is generated. 
This pulse is converted into a DC signal which de- 
creases the frequency of the VCO. These two actions 
cause the VCO to track the frequency of the incoming 
READ DATA pulses. This correction process to keep 
the two signals in phase is constantly occurring because 
of spindle speed variation and circuit parameter 
variations. 



The operating specifications for this circuit are as 
follows: 



Free Running Frequency 


2MHz 


Capture Range 


± 15% 


Lock Up Time 


50 microsec. "1111" or 


"0000" Pattern 




100 Microsec "1010" Pat- 




tern 



The RAW READ pulses are generated from the falling 
edge of the SHAPED DATA pulses. The pulses are 
also reshaped to meet the 179X requirements. VFO 
CLK H- 2 OR 4 is divided by 2 once again to obtain 
VFO CLK OUT whose frequency is that required by the 
179X RCLK input. RCLK must be controlled by VFOE 
so VFOE is sampled on each rising edge of VFO CLK 
OUT. When VFOE goes active EN RCLK goes active 
♦in synchronization with VFO CLK OUT preventing any 
glitches on the RCLK output. When VFOE goes inac- 
tive EN RCLK goes inactive in synchronization with 
VFO CLK OUT, again preventing any glitches on the 
RCLK output. 

Figure 14 illustrates a PPL data recovery circuit using 
the Western Digital 1691 Floppy Support device. Both 
data recovery and Write Precomp Logic is contained 
within the 1691, allowing low chip count and PLL re- 
liability. The 74S124 supplies the free-running VCO 
output. The PUMP UP and PUMP DOWN signals from 
the 1691 are used to control the 74S124's frequency. 
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COMMAND USAGE 



FORCED INTERRUPT COMMAND 



Whenever a command is successfully or unsuccess- 
fully completed, the busy bit of the status register is 
reset and the INTRQ line is forced high. Command ter- 
mination may be detected either way. The INTRQ can 
be tied to the host processor's interrupt with an appro- 
priate service routine to terminate commands. The 
busy bit may be monitored with a user program and 
will achieve the same results through software. Per- 
forming both an INTRQ and a busy bit check is not 
recommended because a read of the status register to 
determine the condition of the busy bit will reset the 
INTRQ line. This can cause an INTRQ from not 
occurring. 

RESTORE COMMAND 

Qn some disk drives, it is possible to position the R/W 
head outward past Track 00 and prevent the TROO 
line from going low unless a STEP IN is first performed. 
If this condition exists in the drive used, the RESTORE 
command will never detect a TROO. Issuing several 
STEP IN pulses before a RESTORE command will 
remedy this situation. The RESTORE and all other 
Type I commands will execute even though the READY 
bit indicates the drive is not ready (NOT READY = 1). 

READ TRACK COMMAND 

The READ TRACK command can be used to manually 
inspect data on a hard copy printout. Gaps, address 
marks and all data are brought in to the data register 
during this command. The READ TRACK command 
may be used to inspect diskettes for valid formatting 
and data fields as well as address marks. Since the 
179X does not synchronize clock and data until the In- 
dex Address Mark is detected, data previous to this ID 
mark will 'not be valid. READ GATE (RG) is not ac- 
tuated during this command. 

READ ADDRESS COMMAND 

In systems that use either multiple drives or sides, the 
read address command can be used to tell the host 
processor which drive or side is selected. The current 
position of the R/W head is also denoted in the six 
bytes of data that are sent to the computer. 



TRACK SIDE 


SECTOR 


CRS 
LENGTH 


CRC 

A 


CRC 
2 



The READ ADDRESS command as well as all other 
Type II and Type III commands will not execute if the 
READY line is inactive (READY = 0). Instead, an in- 
terrupt will be generated and the NOT READY status 
bit will be set to a 1 . 



The Forced Interrupt command is generally used to 
terminate a multiple sector command or to insure Type q 
I status in the status register. The lower four bits of the ^ 
command determine the conditional interrupt as follows: 



10 = NOT-READY TO READY TRANSITION 

11 = READY TO NOT-READY TRANSITION 

12 = EVERY INDEX PULSE 

13 = IMMEDIATE INTERRUPT 



Regardless of the conditional interrupt set, any com- 
mand that is currently being executed when the Forced 
Interrupt command is loaded will immediately be ter- 
minated and the busy bit will be reset indicating an idle 
condition. 

Then, when the condition for interrupt is met, the INTRQ 
line will go high signifying that the condition specified 
has occurred. 

The conditional interrupt is enabled when the corre- 
sponding bit positions of the command (I3 -Iq) are set 
to a 1 . If I3 -lo are all set to zero, no interrupt will occur, 
but any command presently under execution will be 
immediately terminated upon receipt of the Force In- 
terrupt command (HEX DO). 

As usual, to clear the interrupt a read of the status reg- 
ister or a write to the command register is required. 
The exception is when using the immediate interrupt 
condition (I3 = 1). If this command is loaded into the 
command register, an interrupt will be immediately 
generated and the current command terminated. 
Reading the status or writing to the command register 
will not automatically clear the interrupt; another forced 
interrupt command with I3 -Iq = 0 must be loaded into 
the command register in order to reset the INTRQ from 
this condition. 

More than one condition may be set at a time. If for 
example, the READY TO NOT-READY condition (I1 = 
1) and the Every Index Pulse (U = 1) are both set, the 
resultant command would be HEX "DA". The "OR" 
function is performed so that either a READY TO NOT- 
READY or the next Index Pulse will cause an interrupt 
condition. 

DATA RECOVERY 

Occasionally, the R/W head of the disk drive may get 
"off track", and dust or dirt may get trapped on the 
media. Both of these conditions will cause a RECORD 
NOT FOUND and/or a CRC error to occur. This "soft 
error" can usually be recovered by the following 
procedure: 

1. Issue the command again 

2. Unload and load the head and repeat step 

3. Issue a restore, seek the track, and repeat step 1 



If RNF or CRC errors are still occurring after trying 
these methods, a "hard error" may exist. This is usu- 
ally caused by improper disk handling, exposure to 
high magnetic fields, etc. and generally results in de- 
stroying portions or tracks of the diskette. 
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FIGURE 1. DEVICE CHARACTERISTICS 



DEVICE 


SNGL DENSITY 


DBLE DENSITY 


INVERTED BUS 


TRUE BUS 


DOUBLE-SIDED 


1791 


X 


X 


X 






1792 


X 




X 






1793 


X 


X 




X 




1794 


X 






X 




1795 


X 


X 


X 




X 


1797 


X 


X 




X 


X 



FIGURE 2. STORAGE CAPACITIES 



SIZE 


DENSITY 


SIDES 


UNFORMATTED 
CAPACITY (NOMINAL) 


BYTE 
TRANSFER 
TIME 


FORMATTED 

CAPACITY 


PER TRACK 


PER DISK 


PER TRACK 


PER DISK 


51/4" 


SINGLE 


1 


3125 


109,375* 


64)u.s 


2304** 


80,640 


5V4" 


DOUBLE 


1 


6250 


218,750 


32/xs 


4608*** 


161,280 


5y4" 


SINGLE 


2 


3125 


218,750 


64)u,s 


2304 


161,280 


51/4" 


DOUBLE 


2 


6250 


437,500 


32/u,s 


4608 


322,560 


8" 


SINGLE 


1 


5208 


401,016 


32/AS 


3328 


256,256 


8" 


DOUBLE 


1 


10,416 


802,032 


16/AS 


6656 


512,512 


8" 


SINGLE 


2 


5208 


802,032 


32/iS 


3328 


512,512 


8" 


DOUBLE 


2 


10,416 


1,604,064 


16/AS 


6656 


1 ,025,024 



*Based on 35 Tracks/Side 
"Based on 18 Sectors/Track (128 byte/sec) 
'**Based on 18 Sectors/Track (256 bytes/sec) 
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FIGURE 3. NOMINAL VS. WORSE CASE SERVICE TIME 



SIZE 


DENSITY 


TIME 


WORST-CASE 179X SERVICE TIME 


READ 


WRITE 


51/4" 


SINGLE 


64/aS 


55.0/u,s 


47.0fjLS 


51/4" 


DOUBLE 


32/u,s 


27.5/xS 


23.5jLis 


8" 


SINGLE 


32^S 


27.5/u,s 


23.5/uS 


8" 


DOUBLE 


16iuS 


13.5/LiS 


1 1 .Sfis 



FIGURE 4 A. FM RECORDING 

























BITO 


BIT 1 


BIT 2 


BIT 3 


BIT 4 


BITS 


BIT 6 


BIT 7 




HEX 
■D2' 


1 


1 


0 


1 


0 


0 


1 


0 






RULE: 

1) WRITE DATA BITS AT CENTER 
OF BIT CELL IFA"1" 














2) WRITE CLOCK BITS AT LEADING 
EDGE OF THE BIT CELL 













FIGURE 4B. MFM RECORDING 



2^s 

BIT 0 I BIT 1 BIT 2 | BIT 3 | BIT 4 1 BIT S | BIT 6 | BIT 7 



_J^I Fl R R__R 

RULE-. 

1) WRITE DATA BITS AT CENTER 
OF BIT CELL IF A "1" 

2) WRITE CLOCK BITS AT LEADING 
EDGE OF BIT CELL IF: 

A) NO DATA BIT HAS BEEN WRITTEN LAST 
— AND— 

B) NO DATA BIT WILL BE WRITTEN NEXT 
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FIGURE 5. WF/VFOE DEMULTIPLEXING CIRCUITRY 



PIN 33 USED AS A VFOE SIGNAL ONLY 



<3 




(WG TO DRIVE) 



-< (WF FROM DRIVE) 



74LS02 

• PIN 33 USED AS VFOE AND WF SIGNALS 





> 74LS01 






33 












— < V 


179X 




WQ 




30 




' 1*" 



-< WF (FROM DRIVE) 
WG (TO DRIVE) 



* PIN 33 USED AS A WF SIGNAL ONLY 



EARLY 
LATE 



3Q 
4DCLR 

V 



7 C-LATE 



15 C'NOMINAL 



H2 > •— W 



5K 
/VVV— 

PRECOMP. 
ADJUST 



IN ^ 
^2 



FIGURE 6. 179X WRITE PRE-COMP 



WD TO 
DRIVE 
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2, 3, 4ji8, ± CLK TOL 



EARLY 
OR LATE 



DOUBLE TIMES FOR 5" (MINI-FLOPPY) 



n 




125 NS MIN. VALID 
FOR DURATION OF 
WD PULSE 



__n 



2, 4^13 ± CLK TOL 

|>«— 500 NS ± 50 



EARLY 
OR LATE 



DOUBLE TIMES FOR 5" (MINI-FLOPPY) 



VALID BEFORE LEADING EDGE OF WD 



WRITE PRE-COMP TIMING FOR MFM 



WRITE PRE-COMP TIMING FOR FM 



FIGURE 7. WRITE PRE-COMP TIMING 



BIT CELL 0 BIT CELL 1 1 BIT CELL 2 I BIT CELL 3 BIT CELL 4 BIT CELL 5 I BIT CELL 6 I BIT CELL 7 BIT CELL 6 BIT CELL 9 
/ * ff \ f( > fi ll ll I/JT 1/ " / 1^ 

I |-*- 200 NS 

n Q ^''TP / |d|__P I3_H__P 



_n n r~L 




_n r~L 

\ I 



ji TL n n FL, 

JT n n n tl 

_/i n n n ri 



U LT U U [JT 



— H — a — isi im H — y y 

FIGURE 8. PRECOMP TIMING FOR CIRCUIT IN FIGURE 6 
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CLK 
@1MHz 



WD 
(DDEN = 0) 




3l00ns 3100ns 



CLK 
@2MHz 



WD 

(DDEN = 0) 




350ns 330ns 



FIGURE 9. WD/CLK RELATIONSHIP FOR WRITE PRECOMP USE 



74LS16I 



J_ B 



-1 c 




FIGURE 10. DIGITAL WRITE PRECOMP CIRCUIT 

(PROVIDED COURTESY OF MPI. OKLAHOMA CITY. OK 731 12 
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R, C = 150 NS ± 50 



RAW READ >- 
FROM DRIVE 



+5 >- 



1 




LD 




A 




B 


Qd 


C 




D 


CU 


CD 


C 



A 

CRYCLK 



TYPE 


DDEN 


CRYCLK 




8"FM 


1 


8 MHz 


5"MFM 


0 


8 MHz 


5"FM 


1 


4 MHz 



27 

-<: 



RQ 
DDEN 



FIGURE 11. COUNTER/SEPARATOR 
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745288 PROGRAMMING TABLE 



ADDRESS 


DATA 


ACTK)N TAKEN 


00 


01 


NONE 


01 


01 


RETARD BY 1 COUNT 


02 


02 




03 


03 




04 


03 


RETARD BY 2 COUNTS 


05 


04 




06 


05 




07 


06 




08 


OB 


ADVANCE BY 2 COUNTS 


09 


00 




OA 


OC 




OB 


OE 




OC 


OF 




OD 


OF 


ADVANCE BY 1 COUNT 


OE 


00 




OF 


01 




10 


01 


FREE RUN 


11 


02 




12 


1 1 

03 




13 


04 




14 


05 




15 


06 




16 


07 




17 


08 




18 


09 




19 


OA 




1A 


OB 




IB 


OC 




1C 


OD 




ID 


OE 




IE 


OF 




IF 


00 





READ DATA 
FROM >- 
DRIVE 



D Q 

c <y 



16 MHz 
CLOCK 



o 



745288 



CS 

A. 

A, D, 
A, D3 
A, Dj 
Ao D, 



I10 
n n 




C 13 

T 



FIGURE 12. 179X DATA SEPARATOR 

(PROVIDED COURTESY OF ANDROMEDA SYSTEMS, PANORAMA CITY, CA 91402) 



FD179X 




HGURE 13. PLL DATA RECOVERY aRCUIT 

(PROVIDED COURTESY OF MPI. OKLAHOMA CITY. OK 73112) 



200 NS ± 25 



"LT 




+ 12V 



1) ALL RESISTORS ± 5% 

2. SPECIFICATIONS = 
CAPTURE RANGE: ±20% 
LOCK-UP TIME: 25/isec 

(ALL QNE'S PATTERN, MFM) 

3) FOR 5 1/4" 8 









04 


03 02 01 


Vcc 


STB 


N 




WD21 43-03 


Vss 





<3- 



PRECOMPADJ 



RAW READ 



FD179X 




DDEN 

RCLK 

WG 

WD 

EARLY 

LATE 

TG43 

VFOE/VifF 

WPRT 

DIRC TROO 
STEP READY 



.68jLif 



.33/i,f 
330 



■"^d FROM 
DRIVE 

<3 



FIGURE 14. 8" SINGLE/DOUBLE DENSITY SYSTEM 



FD179X 



Refer to 179X-02 Floppy Disk Formatter/Controller 
Family Data Sheet for Command, Timing and Status 

Information. 

See page 725 for ordering information. 



Information furnished by Western Digital Corporation Is believed to be accurate and reliable. However, no resibnslbllity is assumed by Western Digital 
Corporation for its use; nor for any infringements of patents or other rights of third parties which may restflt from its use. No license is granted by 
Implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 

specifications at anytime without notice. 
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Printed in U S A. 



WESTERN DiGITAL 

CORPORAT/ON 

WD279X-02 Floppy Disk Formatter/Controller Family 



FEATURES 

» ON-CHIP F^LL DATA SEPARATOR 

« ON-CHIP WRITE PRECOMPENSATION LOGIC 

• SINGLE -H5V SUPPLY 

• ACCOMMODATES SINGLE AND DOUBLE DENSITY 
FORMATS 

IBM 3740 (FM) 
IBM 34 (MFM) 

• AUTOMATIC SEEK WITH VERIFY 

• MULTIPLE SECTOR READ/WRITE 

• TTL COMPATIBLE 

• PROGRAMMABLE CONTROL 

SELECTABLE TRACK-TO-TRACK ACCESS 
HEAD LOAD TIMING 

• SOFTWARE COMPATIBLE WITH THE FD179X SERIES 

• SOFT SECTOR FORMAT COMPATIBILITY 

APPLICATIONS 

8" FLOPPY AND 5V4" MINI FLOPPY CONTROLLER 
SINGLE OR DOUBLE DENSITY 
CONTROLLER/FORMATTER 



The WD279X Family are MOS/LSI devices which perform 
the functions of a Floppy Disk Controller/Formatter. Soft- 
ware compatible with Its predecessor, the FD179X, the 
device also contains a high performance Phase-Lock-Loop 
Data Separator as well as Write Precompensation Logic. 

When operating in Double Density mode, Write Precom- 
pensation is automatically engaged to a value programmed 
via an external potentiometer. An on-chip VCO and phase 
comparator allows adjustable frequency range for 5V4 " or 
8" Floppy Disk interfacing. 

The WD279X is fabricated in NMOS silicon gate technology 
and available in a 40 pin dual-in-line ceramic or plastic 
package. 



FEATURES 


2791 


2793 


2795 y 




Single Density (FM) 


X 


X 


X 


X 


Double Density (MFM) 


X 


X 


X 


X 


True Data Bus 




X 




X 


Inverted Data Bus 


X 




X 




Side Select Out 






X 


X 


Internal CLK Divide 


X 


X 







a 

lO 
■>! 
(O 

X 

6 
ro 



ENP C 




40 


□ HLT 


WE C 


2 


39 


3 INTRO 


cs c 


3 


38 


□ DRQ 


REC 


4 


37 


□ DDEN 


AO C 


5 


36 


□ WPRT 


A1 C 


6 


35 


□ iP 


DALO C 


7 


34 


□ TROO 


DAU1 C 


8 


33 


□ WPW 


DAL2 C 


9 


32 


□ READY 


DAL3 □ 


10 


31 


□ WD 


DAL4 C 




30 


3 WG 


DAL5 C 


12 


29 


□ TG43 


DALe c 


13 


28 


□ HLD 


DAL7 C 


14 


27 


□ RAWRD 


STEP C 


15 


26 


□ VCO 


DIRC C 


16 


25 


□ SSO/ENMF 




17 


24 


□ CLK 


RPW C 


18 


23 


□ PUMP 


MR C 


19 


22 


3 TE§T 


GND c; 


20 


21 


□ Vcc 




Figure 1. 
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PIN 
NUMBER 



PIN NAME 



SYMBOL 



FUNCTION 



19 



ENABLE PRECOMP 



MASTER RESET 



ENP 
MR 



20 
21 



POWER SUPPLIES 



COMPUTER INTERFACE 
2 



3 
4 

5,6 



7-14 



24 



38 



39 



WRITE ENABLE 



CHIP SELECT 



READ ENABLE 



REGISTER SELECT LINES 



vss 

VCC 

WE 
CS 
RE 

AO, A1 



DATA ACCESS LINES 



CLOCK 



DATA REQUEST 



INTERRUPT REQUEST 



DAL0-DAL7 



CLK 



DRQ 



INTRQ 



FLOPPY DISK INTERFACE: 



15 
16 



17 
18 



STEP 

DIRECTION 

51/4 ,"8" SELECT 
READ PULSE WIDTH 



STEP • 
DIRC ^ 

5/8 

RPW 



A Logic high on this input enables write precompen- 
sation to be performed on the Write Data output. 

A logic low (50 microseconds min.) on this input 
resets the device and loads HEX 03 into the com- 
mand register. The Not Ready (Status Bit 7) is reset 
during MR ACTIVE. When MR is brought to a logic 
high a RESTORE Command is executed, regardless 
of the state of the Ready signal from the drive. Also, 
HEX 01 Is loaded into sector register. 

Ground 

-t-5V ±5% 



A logic low on this input gates data on the DAL into 
the selected register when CS is low. 

A logic low on this input selects the chip and enables 
computer communication with the device. 

A logic low on this Input controls the placement of 
data from a selected register on the DAL when CS is 
low. 

These inputs select the register to receive/transfer 
data on the DAL lines under RE and WE control: 



CS 


A1 


AO 


RE 


WE 


0 


0 


0 


Status Reg 


Command Reg 


0 


0 


1 


Track Reg 


Tracl< Reg 


0 


1 


0 


Sector Reg 


Sector Reg 


0 


1 


1 


Data Reg 


Data Reg 



Eight bit bi-directional bus used for transfer of com- 
mands, status, and data. These lines are inverted 
(active low) on WD2791 and WD2795. 

This input requires a free-running 50% duty cycle 
square wave clock for internal timing reference, 2 
MHz ± 1% for 8" drives, .1 MHz ± 1% for mini- 
floppies. 

This output indicates that the Data Register contains 
assembled data in Read operations, or the DR is 
empty in Write operations. This signal is reset when 
serviced by the computer through reading or loading 
the DR. 

This output Is set at the completion of any command 
and is reset when the Status register Is read or the 
Command register is written to. 



The step output contains a pulse for each step. 

Direction Output is active high when stepping in, 
active low when stepping out. 

This input selects the internal VCO frequency for use 
with 5V4 " drives or 8" drives. 

An external potentiometer tied to this input controls 
the phase comparator within the data separator. 
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22 

23 
25 

25 

26 
27 

28 
29 

30 
31 

32 

33 
34 
35 



PIN NAME 



SYMBOL 



FUNCTION 



PUMP 



ENABLE MINI-FLOPPY 
(2791,2793) 



SIDE SELECT OUTPUT 
(2795, 2797) 



TEST 



PUMP 



ENMF 



880 



VOLTAGE-CONTROLLED 
OSCILLATOR 



VCO 



RAW READ 

HEAD LOAD 

TRACK GREATER 
THAN 43 

WRITE GATE 

WRITE DATA 

READY 



RAW READ 



HLD 
TG43 

WG 
WD 

READY 



WRITE PRECOMP 
WIDTH 



TRACK 00 



INDEX PULSE 



WPW 
TROO 
IP 



A logic low on this input allows adjustment of exter- 
nal resistors by enabling internal signals to appear on 
selected pins. 

High-Impedance output signal which is forced high 
or low to increase/decrease the VCO frequency. 

A logic low on this input_enables an internal -r 2 of 
the Master Clock when 5/8 is also at a logic 0. This 
allows both 5V4 " and 8" drive operation with a single 
2 MHz clocl<. For a 1 MHz clock on Pin 24, this line 
must be left open or tied to a Logic 1. 

The logic level of the Side Select Output is directly 
controlled by the 'S' flag in Type II or ill commands. 
When U = 1, SSO is set to a logic 1. When U = 0, 
SSO is set to a logic 0. The SSO is compared with the 
side information In the Sector i.D. Field. If they do not 
compare Status Bit 4 (RNF) is set. The Side Select 
Output is only updated at the beginning of a Type II or 
111 command. It is forced to a logic 0 upon a MASTER 
RESET condition. 

An external capacitor tied to this pin adjusts the VCO 
center frequency. 

The data Input signal directly from the drive. This 
input shall be a negative pulse for eachjrecorded flux 
transition. '"X-J 

The HLD output controls the loading of the Read- 
Write head against the media. 

This output informs the drive that the ReadA/Vrite 
[ head is positioned between tracks 44-76. This output 
I is valid only during Read and Write Commands. 

5 This output Is made valid before writing is to be 
Xperformi^d on the diskette. 

\ 250ns (MFM) or 500 ns (FM) output pulse per flux 
tijansltlon. WD contains the unique Address marks as 
w/ell as data and clock in both FM and MFM formats. 

Tbis Input indicates disk readiness and is sampled 
fof a logic high before Read or Write commands are 
performed. If Ready is low the Read or Write 
operation is not performed and an interrupt is 
generated. Type 1 operations are performed regard- 
less of the staJe of Ready. The Ready input appears in 
inverted format as Status Register bit 7. 

An external potentiometer tied to this input controls 
the amount of delay in Write precompensation mode. 

This input Informs the WD27gX that the Read/Write 
head is positioned over Track 00. 

This input informs the WD279X when the index hole 
is encountered on the diskette. 
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SYMBOL 


FUNCTION 


36 


WRITE PROTECT 


WPRT 


This input is sampled whenever a Write Command is 
received. A logic low terminates the command and 
sets the Write Protect Status bit. 


37 


DOUBLE DENSITY 


DDEN 


This input pin selects either single or double density 
operation. When DDEN = 0, double density is 
selected. When DDEN = 1, single density is 

selected. 


40 


HEAD LOAD TIMING 


HLT 


When a logic high is found on the HLT input the head 
is assumed to be engaged. It Is typically derived from 
a 1 shot triggered by HLD. 



GENERAL DESCRIPTION 

The WD279X are N-Channel Silicon Gate MOS LSI devices 
which perform the functions of a Floppy Disk For- 
matter/Controller in a single chip implementation. The 
WD279X, which can be considered the end result of both 
the FD1771 and FD179X designs, is IBM 3740 compatible in 
single density mode (FM) and System 34 compatible In 
Double Density Mode (MFM). The WD279X contains all the 
features of Its predecessor the FD179X plus a high per- 
formance Phase-Lock-Loop Data Separator as well as Write 
Precompensation Logic. In Double Density mode, Write 
Precompensatlon Is automatically engaged to a value 
programmed via an external potentiometer. In order to 
maintain compatibility, the FD1771, FD179X and WD279X 
designs were made as close as possible with the computer 
interface, Instruction set, and I/O registers being Identical. 
Also, head load control Is identical. In each case, the actual 
pin assignments vary by only a few pins from any one to 
another. 

The processor interface consists of an 8-bit bi-directional 
bus for data, status, and control word transfers. The 
WD279X is set up to operate on a multiplexed bus with 
other bus-oriented devices. 

The WD279X is TTL compatible on all inputs and outputs. 
The outputs will drive one TTL load or three LS loads. The 
2793 is identical to the 2791 except the DAL lines are TRUE 
for systems that utilize true data busses. 

The 2795/7 has a side select output for controlling double 

sided drives. 

ORGANIZATION 

The Floppy Disk Fomiatter block diagram Is Illustrated on 
page 5. The primary sections include the parallel processor 
interface and the Floppy Disk Interface. 

Data Shift Register — This 8-bit register ass embles serial 
data from the Read Data input (RAW READ) during Read 
operations and transfers serial data to the Write Data 
output during Write operations. 

Data Register — This 8-bit register is used as a holding 
register during Disk Read and Write operations In Disk 
Read operations the assembled data byte is transferred in 
parallel to the Data Register from the Data Shift Register. In 
Disk Write operations information is transferred in parallel 
from the Data Register to the Data Shift Register. 

When executing the Seek command the Data Register 
holds the address of the desired Track position. This 



register Is loaded from the DAL and gated onto the DAL 
under processor control. 

Track Register — ' This S-bit register holds the track number 
of the current Read/Write head position. It Is incremented 
by one every time the head Is stepped In (towards track 76) 
and decremented by one when the head is stepped out 
(towards track 00). The contents of the register are com- 
pared with the recorded track number in the ID field during 
disk Read, Write and Verify operations. The Track Register 
can be loaded from or transferred to the DAL. This Register 
should not be loaded when the device Is busy. 
Sector Register (SR) — This 8-blt register holds the address 
of the desired sector position. The contents of the register 
are compared with the recorded sector number in the ID 
field during disk Read or Write operations. The Sector 
Register contents can be loaded from or transferred to the 
DAL This register should not be loaded when the device is 
busy. 

Command Register (CR) — This 8-bit register holds the 
command presently being executed. This register should 
not be loaded when the device Is busy unless the new 
command Is a force Interrupt. The command register can 
be loaded from the DAL, but not read onto the DAL 
Status Register (STR) — This 8-bit register holds device 
Status information. The meaning of the Status bits is a 
function of the type of command previously executed. This 
register can be read onto the DAL, but not loaded from the 
DAL. 

CRC Logic — This logic Is used to check or to generate the 
16-bit Cyclic Redundancy Check (CRC). The polynomial is: 
G(x) = x16 + x12 -I- x5 -t- 1. 

The CRC includes all information starting with the address 
mark and up to the CRC characters. The CRC register is 
preset to ones prior to data being shifted through the 
circuit. 

Arithmetic/Logic Unit (ALU) — The ALU is a serial compara- 
tor, incremented and decrementer and is used for register 
modification and comparisons with the disk recorded ID 
field. 

Timing and Control — All computer and Floppy Disk in- 
terface controls are generated through this logic. The in- 
ternal device timing Is generated from an external crystal 
clock. 

AM Detector — The address mark detector detects ID, data 
and index address marks during read and write operations. 
Write Precompensatlon — enables write precompensation 

to be performed on the Write Data output. 
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REG 









PHASE 
LOCK 
LOOP 



-vco 

PUMP 



DATA SEPARATOR 



COMPUTER 
INTERPACE 
CONTROL 



WD279X BLOCK DIAGRAM 



Data Separator — a high performance Phase-Lock-Loop 
Data Separator with on-chip VCO and phase comparator 
allows adjustable frequency range for 5V4" or 8" Floppy 
Disk interfacing. 

PROCESSOR INTERFACE 

The interface to the processor is accomplished through the 
eight Data Access Lines (DAL) and associated control 
signals. The DAL are used to transfer Data, Status, and 
Control words out of, or into the WD279X. The DAL are 
three state buffers that are enabled _^ output drivers when 
Chip Select (CS) and Read Enable (RE) are active (low logic 
state) or act as input receivers when CS and Write Enable 
(WE) are active. 

When transfer of data with the Floppy Disk Controller is 
required by the host processor, the device address is 
decoded and CS is made iow^The address bits A1 and AO, 
combined with the signals RE during a Read operation or 
WE during a Write operation are interpreted as selecting 
the following registers: 



A1 


AO 


READ (RE) 


WRITE (WE) 


0 


0 


Status Register 


Command Register 


0 


1 


Track Register 


Track Register 


1 


0 


Sector Register 


Sector Register 


1 


1. 


Data Register 


Data Register 



During Direct Memory Access (DMA) types of data trans- 
fers between the Data Register of the WD279X and the 
processor, the Data Request (DRQ) output is used in Data 
Transfer control. This signal al&o appears as status bit 1 
during Read and Write operations. 

On Disk Read operations the Data Request is activated (set 
high) when an assembled serial input byte is transferred in 
parallel to the Data Register. This bit is cleared when the 
Data Register is read by the processor If the Data Register 
is read after one or more characters are lost, by having new 
data transferred into the register prior to processor readout, 
the Lost Data bit is set in the Status Register. The Read 
operation continues until the end of sector is reached. 

On Disk Write operations the data Request is activated 
when the Data Register transfers its contents to the Data 
Shift Register, and requires a new data byte. It is reset when 
the Data Register is loaded with new data by the processor. 
If new data is not loaded at the time the next serial byte is 
required by the Floppy Disk, a byte of zeroes is written on 
the diskette and the Lost Data bit is set in the Status 
Register. 

At the completion of every command an INTRO is 
generated. INTRO is reset by either reading the status 
register or by loading the command register with a new 
command. In addition, INTRO is generated if a Force In- 
terrupt command condition is met. 
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The 279 X has two modes of operati on according to the 
state of DDEN (Pin 37). When DDEN = 1, Single Density 
(FM) is selected. When DDEN = 0, Double Density (MFM) 
is selected. In either case, the CLK input (Pin 24) is set at 2 
MHz for 8" drives on MHzfor5V4" drives. 



On the 2791/2793, the ENMF input (Pin 25) can be used for 
controlling b oth 5V4 " and 8" drives with a single 2 MHz 
clock. When ENM F = 0 , an internal -i- 2 of the CLK is 
performed. When ENMF = 1, no divide takes place. This 
allows the use of a 2 MHz clock for both 5V*" and 8" 
configurations. 

The interna^VCO frequency must also be set to the proper 
value. The 5/8 input (Pin 17) is used to select data separator 
operation by internally dividing the Read Clock. When 5/8 
= 0, 51/4" data separation is selected; when 5/8 = 1, 8" 
drive data separation is selected. 



CLOCK (24) 


ENMF (25) 


5/8(17) 


DRIVE 


2 MHz 


1 


1 


8" 


2 MHz 


0 


0 


51/4" 


1 MHz 


1 


0 


51/4" 



Note: All other conditions Invalid. 
FUNCTIONAL DESCRIPTION 

The WD279X-02 is software compatible with the FD179X-02 
series of Floppy Disk Controllers. Commands, status, and 
data transfers are performed In the same way. Software 
generated for the 179X can be transferred to a 279X system 
without modification. 

In addition to the 179X, the 279X contains an interna l Data 
Separator and Write precompensation circuit. The TEST 
(Pin 22) line is used to adjus t both data separator and pre- 
compensation. yyhen TEST = 0, ^ the WD (Pin 31^ line is 
i nternally co nnecte d to the output of the write precomp- 
one-shot. Adlu8tm6rtt or the WP\A/ (Pin 33) line can thenb^ 
accomplished. A second one-shot tracks t ha pmnnmp sflt- 
tinq^ at approxirfjgteiy 3:1 to insure adequate Write Data 
pulse widths to meet drive specitjcations. 

Similarly, D ata reparation is also adjus ted yyith JEST = P. , 
The Tg43 (Pin ^) Ij pf) i.s I n ternally connected to the output 
of the rea d datg g p fi-shot/wbich is adjusted via the ^PW 
( Pin 18) line. The DIRC (Pin 16) li ne contains the Read Clock 
output (.5 MH z for 8 " drives) . The VCO Trimming capacitor _ 
( £in 26) is"i dlusted f or centejFfj Fequency. 

Internal timing signals are used to generate pulses during 
the adjustment mode so that these adju stmen ts can be 
made while the device is in-circuit. The TEST line also 
contains a pull-up resistor, so adjustm ents can be per- 
formed sim ply by grounding the TEST pin, overriding the 
pull-up. The TEST pin cannot be used to disable stepping 
rates during operation as its function is quite different from 
the 179X. 

Other pins on the device also include pull-up resistors and 
may be l eft open to sat isfy a Logic 1 condition. These are: 
ENP, 5/8, ENMF, WPRT, and DEJEN. 

GENERAL DISK READ OPERATIONS 

Sector lengths of 128, 256, 512 or 1024 are o btainable in 
either FM or MFM formats. For FM, DDEN should be 
placed to logical "1." For MFM formats, DDEN should be 



Sector Length Table* 


Sector Length 


Number of Bytes 


Field (hex) 


in Sector (decimal) 


00 


128 


01 


256 


02 


512 


03 


1024 



* 2795/97 may vary — see command summary. 

placed to a logical "0." Sector lengths are determined at 
format time by the fourth byte in the "ID" field. 

The number of sectors per track as far as the 279X is con- 
cerned can be from 1 to 255 sectors. The number of tracks 
as far as the 279X is concerned Is from 0 to 255 tracks. For 
IBM 3740 compatibility, sector lengths are 128 bytes with 26 
sectors per track. For System 34 compatibility (MFM), 
sector lengths are 256 bytes/sector with 26 sectors/track; or 
lengths of 1024 bytes/sector with 8 sectors/track. 

GENERAL DISK WRITE OPERATION 

When writing is to take place on the diskette the Write Gate 
(WG) output is activated, allowing current to flow into the 
Read/Write head. As a precaution to en-oneous writing the 
first data byte must be loaded into the Data Register in 
response to a Data Request from the 279X before the Write 
Gate signal can be activated. 



Writing is inhibited when the Write Protect input is a logic 
low, in which case any Write command is immediately 
terminated, an interrupt is generated and the Write Protect 
status bit is set. 

For write operations, the 279X provides Write Gate (Pin 30) 
and Write Data (Pin 31) outputs. Write data consists of a 
series of pulses set to a width approximately three times 
greater than the precomp adjustment. Write Data provides 
the unique address marks in both formats. 

READY 

Whenever a Read or Write command (Type II or III) is 
received the 297X samples the Ready input. If this input is 
logic low the command is not executed and an interrupt is 
generated. All Type I commands are performed regardless 
of the state of the Ready Input. Also, whenever a Type II or 
III command Is received, the TG43 signal output is updated. 
TG43 may be tied to ENP to enable write precompensation 
on tracks 44-76. 

COMMAND DESCRIPTION 

The WD279X will accept eleven commands. Command 
words should only be loaded in the Command Register 
when the Busy status bit is off (Status bit 0). The one ex- 
ception is the Force interrupt command. Whenever a 
command is being executed, the Busy status bit is set. 
When a command is completed, an interrupt is generated 
and the Busy status bit is reset. The Status Register in- 
dicates whether the completed command encountered an 
error or was fault free. For ease of discussion, commands 
are divided into four types. Commands and types are 
summarized in Table 1. 
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TABLE 1. COMMAND SUMMARY 



A. Commands for Models: 2791, 2793 











Bits 














Bits 










Type Command 


7 


6 


5 


4 


3 


2 


1 


0 


7 


6 


5 


4 


3 


2 


1 


0 


a 

i\J 


i Restore 


0 


0 


0 


0 


1 h 


V 


M 


10 


0 


0 


0 


0 


h 


V 




fO 


CO 


1 oeeK 


n 
U 


U 


U 


1 


1 h 


V 


n 


rn 


0 


0 


0 


1 


h 


V 


'1 


rr\ 

"0 


X 


1 Step 


0 


0 


1 


T 


i ^ 


V 


M 


•"O 


0 




1 


T 


h 


V 


ri 


ro 


o 


1 Step-in 


0 


1 


0 


T 


: h 


V 


M 


""O 


0 




0 


(D 






rt 


ro 




1 Stftn-niit 


0 


1 


1 


1 


■. n 


V 


n 


ro 


0 


1 


1 


T. 






ri 


ro 




II Read Sector 








■ III 


- o 


t 




"TT 


1 


0 


0 


fife 








0 




II Write Sector 




0 


1 


m 


S 


E 


C 


ao 


1 




1 


m 




E 


U 


ao 




III Head AdUfSii^ 




1 


0 


"TT 


u 


b 


u 


■nr 


\ 


1 


0 


0 


0 


E 


U 


0 




III Read Track 




1 


1 


0 


0 


E 


0 


0 I 


1. 


1 


1 <■ 


0 


0 




u ' 


0 




III UUrlto Tra/N|r 






1 


1 


0 


E 


p 




-J— 


1 


1 




f) 


V 








IV Force inten-upt 




1 


0 


1 




h 


l1 


■o 


1 


1 


0 


1 


l3 


■2 


l1 


lO 





FLAG SUMMARY 



TABLE Z FLAG SUMMARY 



Command 
Type 



Bit 
No(s) 



Description 



ll&lll 



11 & III 



IV 



0,1 



""l ro = Stepping IVIotor Rate 
See Table 3 for Rate Summary 

V = Track Number Verify Flag 



h = Head Load Flag 



V = 0, No verify 

V = 1, Verify on destination track 

li = 0, Unload head at beginning 

h = 1, Load head at beginning 




C = Side Compare Flag 



U = Update SSO 



E = 15 MS Delay 



S = Side Compare Flag 



L = Sector Length Flag 



m = Multiple Record Flag 



0, FB(DAM) 

1, F8 (deleted DAM) 

C = 0, Disable side compare 
G = 1, Enable side compare 

U = 0, Update SSO too 
U = 1, Update SSO tor 

E = 0, No.15 MS delay 

E = 1, 15 MS delay (30 MS for 1 MH^ 

S = 0, Compare for side 0 
S = 1, Compare for side 1 



LSB's Sector Length in ID Field 





00. 


01 


10 


11 


L = 0 


256 


512 


1024 


128 


L = 1 


128 


256 


512 


1024 



0<3 



m = 0, Single record 
m = 1, Multiple records 



'x = Interrupt Condition Flags 

'O =1 Not Ready To Ready Transition 

M =1 Ready To Not Ready Transition 

'2 = 1 index Pulse 

I3 =1 Immediate Interrupt, Requires A Reset* 

13-IC = 0 Terminate With No Interrupt (INTRO) 



'NOTE: See Type IV Command Description for further information. 
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Write Precompensation 

When operating in Double Density mode (DDEN = 0), the 
279X has the capability of providing a user-defined 
precompensation value for Write Data An external 
potentiometer {10K) tied to the WPW signal (Pin 33) allows a 
setting of 100 to 300 ns from nominal. 

Setting the W rite precomp value Is accomplished by for- 
cing the TEST line (Pin 22) to a Logic 0. A stream of pulses 
can then be seen on the Write Data (Pin 31) line. Adjust the 
WPW Potentiometer for the desired pulse width. This 
adjustment may be pe rforme d in-circult since Write Gate 
(Pin 30) is inactive while TEST = 0. 

Data Separation 

The 279X can operate with either an external data separator 
or its own Internal recovery circuits. The; r.nndition of the 
TEST line (Pin 22) In conjunction with I^/IR (Pin 191 vyill select 
.^f interna l or external rhggeT " ^ 

To program th e 279X for external VCO, a MR pulse must be 
applied while TEST = 0. A clock equivalent to eight times 
the data rate (e.g., 4.0 MHz for 8" Double Density) is applied 
to the VCO input (Pin 26). The feedback reference voltage is 
available on the Pump out put (P in 23) for external in- 
tegration to control the VCO. TEST is returned to a L ogic 1 
for normal operation. Note: Tp maintain this mode. TE5T 
must be held low whenever Mf^ appliftrl 

fg r intprnal v/f^n npftrsti"", \h9 1^9'^ 'in? must hf? h ig h , 
(jiurinq t|ie MR pulse, then set to a Logic 0 for the ad-, 
justment procedure. 

A 50K Potentiometer tied to the RPW input (Pin 18) is used 
to set the Internal Read Data pulse for proper phasing. With 
a scope on Pin 29 (TG43), adjust the RPW puis e-for 1^ ot 
t he data rate (250 ns for 8" Double Density). An external 
variable capacitor ot 5-6U pt is t^ed to the VCO Input (Pin 26) 
for adjusting center frequency. With a frequency counter 
on Pin 16 (DIRG) adjust the trimmer cap to yield the ap- 
propriate Data Rate (500 KHz for 8" Double Density). The 
DDjN line must be low while the 5/8 linefe held high or the , 
adjustment times above will be doubled. 



After adjustments have been made, the TEST pin Is 
returned to a Logic 1 and the device is ready for operation. 
Adjustments may be made in-circult since the DIRC and 
TG43 lines may toggle without affecting the drive. 

The PUMP output (Pin 23) consists of positive and negative 
pulses, which their duration is equivalent to the phase 
difference of incoming Data vs. VCO frequency. This signal 
is internally connected to the VCO input, but a Filter is 
needed to connect these pulses to a slow moving DC 
voltage. 

The internal phase-detector is unsymmetrical for a random 
distribution of data pulses by a factor of two, in favor of a 
PUMP UP condition. Therefore, it is desirable to have a 
PUMP DOWN twice as responsive to prevent run-away 
during a lock attempt. 

A first order lag-lead filter can be used at the PUMP output 
(Pin 23). This filter controls the Instantaneous response of 
the VCO to bit-shifted data (jitter) as well as the response to 
normal frequency shift, i.e., the lock-up time. A balance 
must be accomplished between the two conditions to 



dV = 



inhibit over-responsiveness to jitter and to prevent an 
extremely wide lock-up response, leading to PUMP run- 
away. The filter affects these two reactions in mutually 
opposite directions. 

The Source Impedance for a PUMP UP/DOWN condition is 
600/120 ohms, respectively, therefore the change in bias 
voltage for each pump can be approximated: 

dtAV dt = 250 ns. (set by RPW) 

RC C = 0.1^^f 

R = RS -I- R 
AV = 2.6 V for PUMP UP 

0.9V for PUMP DOWN 

4:eok-up response (TO Is the transient tin^e for the Loop to 
lock from center frequency (Fq) to maximum lock range: 

Tl = 10% FlxKqxAP 

Where: 

Kq = VCO Conversion Gain = 3.7KHz/mV 
Fl = Lock Range = 4.00 MHz 
A P = Change in Bias for each Pump = 4 mV/PUMP 

400 KHz X 3.7 KHz x 4 mV = 27 pumps 
27 pumps = 54f<sec = 3.4 Byte times (8" Double Density) 

The following Filter Circuit is recommended for 8" 
FM/MFM: 

PUMP <- 
(PIN 23) 

1KQ^ i-|N914 



Since 5V4" n riwg pp g rate at e yantly nnp-half the dat arate 
(250 Kb/sp r) tf^ft ahnwA rapaoitpr Rhftllld h° "ini 

■22uf. 

TYPE I COMMANDS 

The Type I Commands include the Restore, Seek, Step, 
Step-In, and Step-Out commands. Each of the Type I 
Commands contains a rate field (ro r-j), which determines 
the stepping motor rate as defined in Table 3. 

A 2tAS (MFM) or 4 (FM) pulse is provided as an output to 
the drive. For every step pulse issued, the drive moves one 
track location in a direction detemnined by the direction 
output. The chip will step the drive in the same direction it 
last stepped unless the command changes the direction. 

The Direction signal is active high when stepping in and 
low when stepping out. The Di|;ection signal is valid j2 us 
^fore the fi rst stepping pulse is generated. 

The rates (shown in Table 3) can be applied to a Step- 
Direction Motor through the device interface. 

TABLES. STEPPING RATES 




CLK 

R1 RO 



2 MHz 



1 MHz 



TEST = 1 



TEST = 1 



3 ms 
6 ms 
10 ms 
15 ms 



C 



6tT)g- 
T2ms 
20 ms 



After the last directional step an ad(;:|lti] ynal 1 R miiriRfir.nn(i!s 
of head settling time takes place if the Verify flag is set in 
Type I commands. Note that this time doubles to 30 ms for 
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a 1 MHz clock. There is also a 15 ms head settling time if 
the E flag is set in any Type II or III command. 

When a Seek, Step or Restore command is executed an 
optional verification of Read-Write head position can be 
performed by setting bit 2 (V = 1) in the command word to 
a logic 1. The verification operation begins at the end of the 
15 millisecond settling time after the head is loaded against 
the media. The track number from the first encountered ID 
Field is compared against the contents of the Track 
Register. If the track numbers compare and the ID Field 
Cyclic Redundancy Check (CRC) is correct, the verify 
operation is complete and an INTRQ is generated \N\ih no 
errors. If there is a match but not a valid CRC, the CRC error 
status bit Is set (Status bit 3), and the next encountered ID 
field is read from the disk for the verification operation. 

The WD279X must find an ID field with correct track 
number and correct CRC within 5 revolutions of the media; 
othenwise the seek error is set and an INTRQ is generated. 

If V = 0, no verification is performed. 

The Head Load (HLD) output controls the movement of the 
read/write head against the media. HLD is activated at the 
beginning of a Type I command if the h flag is set (h = 1), at 
the end of the Type I command if the verify flag (V = 1), or 
upon receipt of any Type II or III command. Once HLD is 
active It remains active until either a Type I command Is 
received with (h = 0 and V = 0); or if the 279X is in an idle 
state (non-busy) and 15 index pulses have occurred. 

Head Load timing (HLT) is an input to the 279X which is 
used for the head engage time. When HLT = 1, the 279X 
assumes the head is completely engaged. The head 
engage time is typically 30 to 100 ms depending on drive. 
The low to high transition on HLD is typically used to fire a 
one shot. The output of the one shot is then used for HLT 
and supplied as an input to the 279X. 



-60 TO lOOmS H 



HLT (FROM ONE SHOT) 



HEAD LOAD TIMING 

When both HLD and HLT are true, the 279X will then read 
from or write to the media. The "and" of HLD and HLT ap- 
pears as status Bit 5 in Type I status. 

In summary for the Type I commands: if h = 0 and V = 0, 
HLD is reset. If h = 1 and V = 0, HLD is set at the 
beginning of the command and HLT is not sampled nor is 
there an internal 15 ms delay If h = 0 and V = 1, HLD is set 
near the end of the command, an internal 15 ms occurs, 
and the 279X waits for HLT to be true. If h = 1 and V = 1, 
HLD is set at the beginning of the command. Near the end 
of the command, after all the steps have been issued, an 
internal 15 ms delay occurs and the 279X then waits for HLT 
to occur. 

For Type II and III commands with E flag off, HLD is made 
active and HLT is sampled until true. With E flag on, HLD is 
made active, an internal 15 ms delay occurs and then HLT is 
sampled until true. 



RESTORE (SEEK TRACK 0) 

Upon receip t of th is command the Track 00 (TROO) input is 
sampled. If TROO is active low indicating the Read-Write 
head is positioned over track 0, the Track Regis ter is loaded 
with zeroes and an interrupt is generated. If TROO is not 
active low, stepping pulses (pins 15 to 16) at a rate specified 
by the •"li'O field are issued until the TROO input is activated. 
At this time the Track Regist er is l oaded with zeroes and an 
interrupt is generated. If the TROO input does not go active 
low after 255 stepping pulses, the 279X terminates 
operation, interrupts, and sets the Seek error status bit. A 
verification operation takes place if the V flag is set. The h 
bit allows the head to be loaded at the start of command. 
Note that the Restore command Is executed when MR 
goes from an active to an Inactive state. 
SEEK 

This command assumes that the Track Register contains 
the track number of the current position of the Read-Write 
head and the Data Register contains the desired track 
number. The WD279X will update the Track register and 
issue stepping pulses in the appropriate direction until the 
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SET DinECTION 




0 



TYPE I COMMAND FLOW 

contents of the Track register are equal to the contents of 
the Data Register (the desired track location). A verification 
operation takes place if the V flag is on. The h bit allows the 
head to be loaded at the start of the command. An interrupt 
is generated at the completion of the command. Note: 
When using multiple drives, the track register must be 
updated for the drive selected before seeks are Issued. 
STEP 

Upon receipt of this command, the 279X issues one 
stepping pulse to the disk drive. The stepping motor 
direction is the same as in the previous step command. 
After a delay determined by the ^VO field, a verification 
takes place if the V flag is on. If the T flag is on, the Track 
Register is updated. The h bit allows the head to be loaded 
at the start of the command. An interrupt is generated at 
the completion of the command. 

STEP-IN 

Upon receipt of this command, the 279X Issues one 
stepping pulse In the direction towards track 76. If the T 
flag Is on, the Track Register is incremented by one. After a 




NTSQ nESET BUSY 



NOTE I MH; THERE IS A 10MS DEI Ar 



TYPE I COMMAND FLOW 

delay determined by the M ""O field, a verification takes place 
if the V flag is on. The h bit allows the head to be loaded at 
the start of the command. An interrupt is generated at the 
completion of the command. 

STEP-OUT 

Upon receipt of this command, the 279X issues one 
stepping pulse in the direction towards track 0. If the T flag 
is on, the Track Register is decremented by one. After a 
delay determined by the M fQ field, a verification takes place 
if the V flag is on. The h bit allows the head to be loaded at 
the start of the command. An interrupt is generated at the 
completion of the command. 
EXCEPTIONS 

On the 2795/7 devices, the SSO output is not affected 
during Type I commands, and an internal side compare 
does not take place when the (V) Verify Flag is on. 

TYPE II COMMANDS 

The Type II Commands are the Read Sector and Write 
Sector commands. Prior to loading the Type II Command 
into the Command Register, the computer must load the 
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that character is lost and the Lost Data Status bit is set. 
This sequence continues until the complete data field has 
been inputted to the computer. If there is a CRC error at the 
end of the data field, the CRC error status bit is set, and the 
command is terminated (even If it is a multiple sector 
command). 

At the end of the Read operation, the type of Data Address 
IVIark encountered In the data field is recorded in the Status 
Register (Bit 5) as shown: 

STATUS 

BITS 

1 Deleted Data Mark 

0 Data Mark 

WRITE SECTOR 

Upon receipt of the Write Sector command, the head Is 
loaded (HLD active) and the Busy status bit is set. When an 
ID field is encountered that has the correct track number, 
correct sector number, correct side number; and correct 
CRC, a DRQ is generated. The 279X counts off 1 1 bytes in 
single density and 22 bytes in double density from the CRC 
field and the Write Gate (WG) output is made active if the 
DRQ is serviced (i.e., the DP has been loaded by the 
computet). If DRQ has not been serviced, the command is 
terminated and the Lost Data status bit is set. If the DRQ 
has been serviced, the WG is made active and six bytes of 
zeroes in single density and 12 bytes in double density are 
then written on the disk. At this time the Data Address 
Mark is then written on the disk as determined by the ^0 
field of the command as shown below: 



Data Address Mark (Bit 0) 



Deleted Data Mark 
Data Mark 



The 279X then writes the data field and generates DRQ's to 
the computer If the DRQ is not serviced in time for con- 
tinuous writing the Lost Data Status Bit is set and a byte of 
zeroes Is written on the disk. The command is not ter- 
minated. After the last data byte has been written on the 
disk, the two-byte CRC is computed internally and written 
on the disk followed by one bye of FE In FM or in MFM. The 
WG output is then deactivated. For a 2 MHz clock the 
INTRQ will set 8 to 12 ^sec after the last CRC byte is 
written. For partial sector writing, the proper method is to 
write the data and fill the balance with zeroes. By letting the 
chip fill the zeroes, errors may be masked by the lost data 
status and improper CRC Bytes. 

TYPES III COMIVIANDS 
READ ADDRESS 

Upon receipt of the Read Address command, the head is 
loaded and the Busy Status Bit is set. The next en- 
countered ID field is then read in from the disk, and the six 
data bytes of the ID field are assembled and transferred to 
tlie DR, and a DRQ is generated for each byte. The six bytes 
of the ID field are shown below: 



TRACK 
ADDR 


SIDE 
NUMBER 


SECTOR 
ADDRESS 


SECTOR 
LENGTH 


CRC 
1 


CRC 
2 


1 


2 


3 


4 


5 


6 




(INTRQ ) 
RESET BUSY J 





o 
6 

lO 



Although the CRC characters are transferred to the 



TYPE III COMMAND WRITE TRACK 

computer, the 279X checks for validity and the CRC error 
status bit is set if there is a CRC error. The Track Address of 
the ID field Is written into the sector register so that a 
comparison can be made by the host. At the end of the 
operation an interrupt is generated and the Busy Status is 
reset. 

READ TRACK 

Upon receipt of the READ track command, the head is 
loaded, and the Busy Status bit is set. Reading starts with 
the leading edge of the first encountered index pulse and 
continues until the next index pulse. All Gap, Header, and 
data bytes are assembled and transferred to the data 
register and DRQ's are generated for each byte. The ac- 
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WHITE fO. FE Ofl 
F8-FB. CLK a 
INITIALIZE CHC 



WRITE 
BYTE OF ZEROS 
SET DATA LOST 



WRITE AT IN MFM 
WITH MISSING CLOCK 
INITIALIZE CRC 



TYPE Hi COMMAND WRITE TRACK 



cumulation of bytes is synclironized to each address mark 
encountered. An interrupt is generated at the completion of 
the command. 

This command has several characteristics which make it 
suitable for diagnostic purposes. They are: no CRC 
checking is performed; gap information is included in the 
data stream; the internal side compare is not performed; 
and the address mark detector is on for the duration of the 
command. Because the A.M. detector is always on, write 
splices or noise may cause the chip to look for an A.M. If an 
address mark does not appear on schedule with the Lost 
Data status flag being set. 

The ID AM., ID field, ID ORG bytes, DAM, Data and Data 
CRC Bytes for each sector will be con-ect. The Gap Bytes 
may be read incorrectly during write-splice time because of 
synchronization. 

WRITE TRACK FORMATTING THE DISK 

(Refer to section on Type III commands for flow diagrams.) 

Formatting the disk is a relatively simple task when operat- 
ing programmed I/O or when operating under DMA with a 
large amount of memory. Data and gap information must be 
provided at the computer interface. Formatting the disk is 
accomplished by positioning the R/W head over the de- 
sired track number and issuing the Write Track command. 

Upon receipt of the Write Track command, the head is 
loaded and the Busy Status bit is set. Writing starts with 
the leading edge of the first encountered index pulse and 
continues until the next index pulse, at which time the 
interrupt is activated. The Data Request is activated im- 
mediately upon receiving the command, but writing will not 
start until after the first byte has been loaded into the Data 
Register, if the DR has not been loaded by the time the 
index pulse is encountered the operation is terminated 
making the device Not Busy, the Lost Data Status Bit is set, 
and the interrupt is activated. If a byte is not present in the 
DR when needed, a byte of zeroes is substituted. 

This sequence continues from one index mark to the next 
index mark. Normally, whatever data pattern appears in the 
data register is written on the disk with a normal clock 
pattern. However, if the 279X detects a data pattern of F5 
thru FE in the data register, this is interpreted as data ad- 
dress marks with missing clocks or CRC generation. 

The CRC generator is initialized when any data byte from 
F8 to FE is about to be transferred from the DR to the DSR 



CONTROL BYTES FOR INITIALIZATION 



DATA PATTERN 

IN DR (HEX) 


WD279X INTERPRETATION 


WD279X INTERPRETATION 


IN FM (DDEN = 1) 


IN MFM (DDEN = 0) 


00 thru F4 


Write 00 thru F4 with CLK = FF 


Write00thruF4, inMFM 


F5 


NotAllowed 


Write A1 * in MFM, Preset CRC 


F6 


Not Allowed 


Write C2** InMFM 


F7 


Generate 2 CRC bytes 


Generate 2 CRC bytes 


FSthru FB 


Write F8 thru FB, Clk = C7, Preset CRC 


Write FSthruFB, in MFM 


FC 


Write FC with Clk = D7 


Write FC in MFM 


FD 


Write FD with Clk = FF 


Write FD in MFM 


FE 


Write FE, Clk = C7, Preset CRC 


Write FE in MFM 


FF 


Write FF with Clk = FF 


Write FF in MFM 



' Missing clock transition between bits 4 and 5 



' Missing clock transition between bits 3 and 4 
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or by receipt of F5 in MFM. An F7 pattern will generate two 
CRC characters in FM or MFM. As a consequence, the 
patterns F5 thru FE must not appear in the gaps, data 
fields, or ID fields. Also, CRC's must be generated by an F7 
pattern. 

Disks may be formatted In IBM 3740 or System 34 formats 
with sector lengths of 128, 256, 512, or 1024 bytes. 

TfPE iV COMMANDS 

The Forced Interrupt command is generally used to ter- 
minate a multiple sector read or write command or to in- 
sure Type I status in the status register. This command can 
be loaded into the command register at any time. If there is 
a current command under execution (busy status bit set) 
the command will be terminated and the busy status bit 



reset. 

The lower four bits of the command determine the condi- 
tional interrupt as follows: 

'O = Not-Ready to Ready Transition 
H = Ready to Not-Ready Transition 
'2 = Every Index Pulse 
'3 = Immediate Interrupt 

The conditional interrupt is enabled when the correspond- 
ing bit positions of the command ('S - 'O) are set to a 1. 
Then, when the condition for interrupt is met, the INTRQ 
line will go high signifying that the condition specified has 
occurred. If '3 - 'O are all set to zero (HEX DO), no interrupt 
will occur but any command presently under execution will 
be immediately terminated. When using the immediate 



O 
N> 
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(O 

X 
o 



C 



3 



SET BUSY 
RESET STATUS 
BITS 2, 4, 5 




3 
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interrupt condition I3 = 1), an interrupt will be imnaediately 
generated and the current command terminated. Reading 
the status or writing to the command register will not auto- 
matically clear the interrupt. The HEX DO is the only com- 
mand that will enable the immediate Interrupt (HEX D8) to 
clear on a subsequent load command register or read sta- 
tus register operation. Follow a HEX D8 with DO command. 

Wait 8 micro sec (double density or 16 micro sec (single 
density) before issuing a new command after issuing a 
forced intenxipt (times double when cloct^ = 1 MH^. 
Loading a new command sooner than this will nullify the 
forced interrupt. 

Forced interrupt stops any command at the end of an in- 
ternal micro-Instruction and generates INTRQ when the 
specified condition is met. Forced inten'upt will wait until 
ALU operations in progress are complete (CRC 
calculations, compares, etc.) 

More than one condition may be set at a time. If for 
example, the READY TO NOT-READY condition (h = 1) 
and the Every Index Pulse ('2 = 1) are both set, the 
resultant command would be HEX "DA." The "OR" func- 
tion is perfomned so that either a READY TO NOT-READY 
or the next Index Pulse will cause an interrupt condition. 



STATUS REGISTER 

Upon receipt of any command, except the Force interrupt 
command, the Busy Status bit is set and the rest of the 
status bits are updated or cleared for the new command. If 
the Force Interrupt Command Is received when there is a 
current command under execution, the Busy status bit is 
reset, and the rest of the status bits are unchanged. If the 
Force inten'upt command is received when there Is not a 
cun^nt command under execution, the Busy Status bit is 
reset and the rest of the status bits are updated or cleared, 
in this case. Status reflects the Type I commands. 

The user has the option of reading the status register 
through program control or using the DRQ line with DI^^A or 
interrupt methods. When the Data register is read the DRQ 
bit in the status register and the DRQ line are automatically 
reset. A write to the Data register also causes both DRQ's 
to reset. 

The busy bit in the status may be monitored with a user 
program to determine when a command is complete, in lieu 
of using the INTRQ line. When using the INTRQ, a busy 
status check is not recommended because a read of the 
status register to determine the condition of busy will reset 
the INTRQ line. 




READ ADDRESS 
SEQUENCE 




TYPE III COMMAND 
Read Track/Address 



The format of the Status Register is shown below: 



(BITS) 


7 


6 


5 


4 


3 


2 


1 


0 


S7 


S6 


S5 


S4 


S3 


S2 


S1 


so 



Status varies according to the type of command executed 
as shown in Table 4. 

Because of internal sync cycles, certain time delays must 
be observed when operating under programmed i/O. They 
are: (times double when clock = 1 MHz) 



Operation 


Next Operation 


Delay Req'd. 
, FM i MFM 


Write to 
Command Reg. 


Read Busy Bit 
(Status Bit 0) 


12(/s [ 6ms 


Write to 
Command Reg. 


Read Status 
Bits 1-7 


28^s j 14^s 


Write Any 
Register 


Read From Diff. 
Register 


0 j 0 



IBM 3740 FORMAT — 128 BYTES/SECTOR 

Shown below is the IBM single-density format with 128 
bytes/sector In order to format a diskette, the user must 
issue the Write Track command, and load the data register 
with the following values. For every byte to be written, there 
is one Data Request. 
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NUMBER 
OF BYTES 



1^ 



40 

6, 
1 

1 26 
6 
1 
1 
1 

i: 
1 

11 

1 

27 

2472 



HEX VALUE OF 
BYTXWRiTTEN 



FF (or 00)3 
00 / 

FG (Index Mark) 

FF(orOO) 

^ O 
CF§j(m Address Mark) 

Track Number 

Side Number (00 or 01) 

Sector Number (1 thru 1 A) 

[^©Sector Length) 

• ^ F7 (2 CRC's written) — 

;FF(or00) 

^00 

' FB (Data Address Mark) 
Data (IBM uses E5) 
F7 (2 CRC's written) — 
FF(orOO) 
FF(or00) 



1. Write bracketed field 26 times 

2. Continue writing until 279X interrupts out. 
Approx. 247 bytes. 

3. A '00' option is allowed on 2795/7 only. 



IBM SYSTEM 34 FORMAT- 
256 BYTES/SECTOR 

Shown below is the IBM dual-density format with 256 
bytes/sector. In order for fomriat a diskette the user rnust 



issue the Write Track command and load the data register 
with the following values. For every byte to be written, there 
is one data request. 



NUMBER 


HEX VALUE OF 


OF BYTES 


BYTE WRITTEN 




80 


4E 




12 


00 




3 


F6 (Writes C2) 




1 


FC (Index Mark) 


* 50 


4E 




12 


00 




3 


F5 (Writes A1) 




1 


FE (ID Address Mark) 




1 


Track Number (0 thru 4C) 






Side Number (0 or 1) 




1 


Sector Number (1 thru 1A) 




1 - 


01 (Sector Length) 




1 •: 


F7 (2 CRCs written) 




22 ' 


4E 




12 • 


^ 00 




3 


■ F5 (Writes A1) 


1 / 


' FB (Data Address Mark) 


256 ' " 


-] DAIA 




1 i'v 


' F7 (2 CRCs written) 




54 3 7 






598**^- 


.;,4E 



o 
ro 

g 

ro 



* Write brack§ted field 26 times 
** Continue writing until 279X interrupts out. 
Approx. 598 bytes. 



■H 




H CLOCK TRANSITION B 




IBM TRACK FORMAT 
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1. NON-IBM FORMATS 

Variations in \he IBM formats are possible to a limited ex- 
tent if the following requirements are met: 

1) Sector size must be 128, 256, 512 of 1024 bytes. 

2) Gap 2 cannot be varied from the IBM format. 

3) 3 bytes of A1 must be used In MFM. 

In addition, the Index Address Mark is not required for 
operation by the 279X. Gap 1, 3, and 4 lengths can be as 
short as 2 bytes for 279X operation, however PLL lock up 
time, motor speed variation, write splice area, etc. will add 
more bytes to each gap to achieve proper operation. It Is 
recommended that the IBM format be used for highest 
system reliability. 





FM 


MFM 


Gap 1 


16 hvtps FF 




Gap II 


1 1 bytes rr 


22 bytes 4E 




6 bytes 00 


12 bytes 00 






'\ H\/tPQ A1 

w wjr iwO ry 1 


Gap III** 


10 bytes FF 


24 bytes 4E 




4 bytes 00 


8 bytes 00 






3 bytes A1 


Gap IV 


16 bytes FF 


16 bytes 4E 



* Byte counts must be exact. 

"Byte counts are minimum, except exactly 3 bytes of A1 
must be written. 



ELECTRICAL CHARACTERISTICS 

Absolute Maximum Ratings 

Voltage to any Input with 
respect to VsS = 4-1 5 to - 0.3V 

C|IM & Gout = 15 pF max with all pins grounded except 
one under test. 

Operating temperature = O'CtoTO'G 
Storage temperature = -55''Cto -(-125°C 



NOTE: Maximum limits indicate where permanent device 
damage occurs. Continuous operation at these limits is not 
intended and should be limited to those conditions 
specified In the DC Electrical characteristics. 



OPERATING CHARACTERISTICS (DC) 

TA = 0°Cto70°G,Vss = OV.VCC = +5M ± .25V 



SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNITS 


CONDITIONS 


l|L 


Input Leakage 






10 


mA 


V|N = Vcc 


lOL 


Output Leakage 






10 


mA 


VOUT = Vcc 


V|H 


Input High Voltage 


2.0 






V 




V|L 


Input Low Voltage 






0.8 


V 




VOH 


Output High Voltage 


2.4 






V 


IQ = - 100/iA 


Vol 


Output Low Voltage 






0.45 


V 


Iq = 1.6 mA 


VOHP 


Output High PUMP 


2.2 






V 


lOP = -1.0 mA 


VOLP 


Output Low PUMP 






0.2 


V 


iQp = -t- 1.0 mA 


Pd 


Power Dissipation 






.75 


w 


All Outputs Open 


Rpu 


Internal Pull-up* 


100 




1700 


mA 


V|N = OV 


icc 


Supply Current 




70 


150 


mA 


All Outputs Open 



* Internal Pull-up resistors on PINS 1, 17, 22, 25, 37, and 40. 
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TIMING CHARACTERISTICS 

TA = 0°Cto70°C,Vss = 0V,VCG = +5V ± .25V 

READ ENABLE TIMING 



SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNITS 


CONDITIONS 


TSET 


SetupADDR&CStoRE 


50 






nsec 




Thld 


Hold ADDR&CSfromRE 


10 






nsec 




Tre 


RE Pulse Width 


200 






nsec 


CL = 50 pf 


Tdrr 


DRQ Reset from RE 




100 


200 


nsec 




T|RR 


INTRQ Reset from RE 




500 


3000 


nsec 


See Note 


tdagg 


Data Valid from RE 




100 


200 


nsec 


Gl = 50 pf 


tdoh 


Data Hold From RE 


20 




150 


nsec 


Gl = 50 pf 


WRITE ENABLE TIMING 


SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNITS 


CONDITIONS 


TSET 


Setup ADDR& OS to WE 


50 






nsec 




Thld 


Hold ADDR&CSfromWE 


10 






nsec 




TWE 


WE Pulse Width 


200 






nsec 




Tdrr 


DRQ Reset from WE 




100 


200 


nsec 




T|RR 


INTRQ Reset from WE 




500 


3000 


nsec 


See Note 


tds 


Data Setup to WE 


150 






nsec 




tdh 


Data Hold from WE 


50 






nsec 
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ro 
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NOTE 1 SS MAY BE PEnUANENTLV TIED LOW IF DESIRED 
'TIME DOUBLES WHEN CLOCK = 1MH1 

I SERVICE (WORST CASE) 
•FM 27 6 uS 
'MFM 13 S uS 

DRO RISING EDQE: INDICATES THAT THE DATA REGISTER HAS ASSEMBLED 
DATA. 

DRO FALLING EDGE: INDICATES THAT THE DATA REGISTER WAS READ 

INTRO RISING EDQE: OCCURS AT END OF COMMAND 

INTRO FALLING EDQE: INDICATES THAT THE STATUS REGISTER WAS READ 



-O 

AO Al OS _ 



L 



'DH |-»- 



NOTE 



I SERVICE (WORST CASEI 



BE PERMANENTLY TIED LOW IF DESIRED 

2 WHEN WRITINO DATA INTO SECTOR TRACK OH DATA 
REGISTER USER CANNOT READ THIS REQI8TBR UNTIL 
AT LEAST 4 «SEC IN MFM AFTER THE RISIN(3 EDGE OF WE 
WHEN WRITING INTO THE COMMAND REGISTER STATUS 
IS NOT VALID UNTIL SOME 28 uSEC IN FM, 14 mSEC IN MFM 
LATER. THESE TIMES ARE DOUBLED WHEN CLK ■■ 1 MHz 
■TIME DOUBLES WHEN CLOCK ■ 1MHz 



DRQ RISING EDGE: INDICATES THAT THE DATA REGISTER IS EMPTY 
DRO FALLING EDGE: INDICATES THAT THE DATA REGISTER IS LOADED 
INTRO RISING EDGE: INDICATE THE END OF A COMMAND 
INTRQ FALLING EDGE: INDICATES THAT THE COMMAND REGISTER 
IS WRITTEN TO 



READ ENABLE TIMING 



WRITE ENABLE TIMING 
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INPUT DATA TIMING 



SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNITS 


CONDITIONS 


Tpw 

Tec 


Raw Read Pulse Width 
Raw Read Cycle Time 


100 
1500 


200 
2000 




nsec 
nsec 




WRITE DATA TIMING: (ALL TIMES DOUBLE WHEN CLK 


= 1 MHz) 










SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNITS 


CONDITIONS 


TWP 
TWG 
TWF 


Write Data Pulse Width 
Write Gate to Write Data 
Write Gate off from WD 


400 
240 


500 

2 
1 
2 
1 


600 
1000 


nsec 
nsec 
fisec 
fisec 
jusec 
jLisec 


FM 
MFM 

FM 
MFM 

FM 
MFM 


MISCELLANEOUS TIMING: 


SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNITS 


CONDITIONS 


TCDi 
TCD2 
TSTP 

Tdir 
Tmr 
Tip 

RPW 

WPW 

RPW 
WPW 

vco 

vco 

vco 

Cext 
RCLK 

PU/DON 


Clock Duty (low) 
Clock Duty (high) 
Step Pulse Output 
Dir Setup to Step 
Master Reset Pulse Width 
Index Pulse Width 
Read Window Pulse Width 

Write Data Pulse Width 

Precomp Adjust. 

Read Window Pulse Width 

Write Data Pulse Width 

Precomp Adjust. 
Free Run Voltage Controlled 
vjsciiiaior. Aujusiouie oy ext. 
capacitor on Pin 26 
Pump Up + 25% 

Pump Down - 25% 

5% Change Vcc 
Ta = 75'C 

Necessary external capacitor 

Derived read clock 
= VCO -f 8, 16, 32 

PU/PD time on 
(pulse width) 


230 
230 
2or4 

50 
10 

120 
240 

300 

100 

120 
240 

300 

100 
6.0 

5.0 

3.8 
3.5 
10 


250 
250 

12 

500 
500 

35 

500 
250 
250 
125 


20000 
20000 

700 
1400 

1000 

250 

700 
1400 

1000 

250 

3.0 
4.2 
80 

250 

500 


nsec 

nsec 
^<sec 
usee 
ixsec 
fisec 

nsec 
nsec 

nsec 
nsec 
nsec 

nsec 
nsec 

nsec 
nsec 
nsec 
MHz 
IVInZ 

MHz 

MHz 

MHz 
MHz 
pf 

KHz 
KHz 
KHz 
KHz 

ns 

ns 


See Note 
± CLK ERROR 

See Note 
Input 0-5V 

MFM 
FM ± 15% 
Input 0-5V 
MFM 
FM 
MFM 
Input 0-5V 

MFM 
FM ± 15% 
Input 0-5V 
MFM 
FM 
MFM 
Ext. C = 0 
cXI. U = OO pT 

PU = 2.2V Cext 

= 35 pf 
PD = 0.2V Cext 
= 35 pf 
Cext = 35 pf 
Cext = 35 pf 
VCO = 4.0MHz 

nom 
VCO = 4.0MHz 

DDEN = 0 

5/8 = 1 
DDEN = 0 

5/8 = 0 
DDEN = 1 

5/8 = 1 
DDEN = 1 
5/8 = 0 
MFM 
FM 
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WD1691 Floppy Support Logic (F.S.L) 



a 

CO 



FEATURES 

• DIRECT INTERFACE TO THE FD179X 
» ELIMINATES EXTERNAL FDC LOGIC 

• DATA SEPARATION/RCLK GENERATION 
« WRITE PRECOMPENSATION SIGNALS 

• VFOE/WF DEMULTIPLEXING 
<• PROGRAMMABLE DENSITY 

« 8" OR 5.25" DRIVE COMPATIBLE 

« ALL INPUTS AND OUTPUTS TTL COMPATIBLE 

<> SINGLE +5V SUPPLY 



GENERAL DESCRIPTION 

The WD1691 F.S.L. has been designed to minimize the 
external logic required to interface the 179X Family of Floppy 
Disk Controllers to a drive. With the use of an external VCO, 
the WD 1691 will generate the RCLK signal for the WD179X, 
while providing an adiustme nt pulse (PUMP) to control the 
VCO frequency. VFOE/WF de-multiplexing is also accom- 
plished and Write Precompensation signals have been in- 
cluded to interface directly with the WD2143 Clock Generator. 

The WD 1691 is implemented in N-MOS silicon gate 
technology and is available in a plastic or ceramic 20 pin 
dual-in-line package. 



WDIN 

PC 
PC 
fC 

stbC 

WDOUT I 

wgC 

VFOE/WF C 
TG43C 

vssC 



• 1 

2 
3 
4 
5 
6 
7 
8 
9 
10 



WD1691 



□ vcc 
Ilate 

I EARLY 
Z] VCO 
I DDEN 

1 PU 

II}rclk 

1 RDD 



VFOE 
/WF 



WG 

EARLY 
LATE 




VFOE 
DEMUX 



PRECOMP 
LOGIC 



LATCH 
DECODE 



TG43 

p 



— WDIN 

WDOUT 
->> STB 



Figure 1 WD1691 PIN CONNECTIONS Figure 2 WD1691 BLOCK DIAGRAM 
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PIN 


NAME 


SYMBOL 


FUNCTION 


1 


WRITE DATA 
INPUT 


WDIN 


Ties directly to the FD179X WD pin. 


2, 3. 4, 19 


PHASE 
2, 3, 1, 4 


^ $3 $1 $4 


4 Phase inputs to generate a desired Write Precompensation 
delay. These signals tie directly to the WD2143 Clock 
Generator. 


5 


STROBE 


STB 


Strobe output fronn the 1691. Strobe will latch at a high level 
on the leading edge of WDIN and reset to a low level on the 
leading edge of 04. 


6 


WRITE DATA 
OUTPUT 


WDOUT 


Serial, pre-compensated Write data stream to be sent to the 
disl< drive's WD line. 


7 


WRITE GATE 


WG 


Ties directly to the FD179X WG pin. 


8 


VFO ENABLE/ 
WRITE FAULT 


VFOE/WF 


Ties directly to the FD179X VFOE/WF pin. 


9 


TRACK 43 


TG43 


Ties directly to the FD179X TG43 pin, If Write Precompen- 
sation is required on TRACKS 44-76. 


10 


Vss 


Vss 


Ground 


11 


RPAn RATA 


nuu 


Composite clock and data stream input from the drive. 


12 


READ CLOCK 


RCLK 


RCLK signal generated by the WD1691, to be tied to the 
FD179X RCLK pin. 


13 


PUMP UP 


PU 


Tri-state output that will be forced high when the WD 1691 
requires an increase in VCO frequency. 


14 


PUMP DOWN 


PD 


Tri-state output that will be forced low when the WD 1691 re- 
quired a decrease in VCO frequency. 


15 


Double Density 
Enable 


DDEN 


Double Density Select input. When Inactive (High), the VCO 
frequency is internally divided by two. 


16 


Voltage 
Controlled 


VCO 


A nominal 4.0MHz (8" drive) or 2.0MHz (5.25" drive) master 
clock input. 


17, 18 


EARLY 
LATE 


EARLY 
LATE 


EARLY and LATE signals from the FD179X, used to deter- 
mine Write Precompensation. 


20 


vcc 


Vcc 


+ 5V ± 10% power supply 



Table 1 PIN DEFINITIONS 
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WG 


VFOE/WF 


RDD 


PU+PD 


1 


X 


X 


Hl-Z 


0 


1 


X 


Hl-Z 


0 


0 


1 


Hl-Z 


0 


0 


0 


Enable 



Figure 4 DATA RECOVERY LOGIC 



a 

(O 



Figure 3 PUiUlP SIGNAL TIIUING DIAGRAM 



DEVICE DESCRIPTION 

The WD1691 is divided into two sections: 

1) Data Recovery Circuit 

2) Write precompensation Circuit 

The Data Separa tor or Recovery Circuit has four inputs: 
DDEN, VCO, RDD, andVFOE/WF; and three outputs: PU, 
PD and RCLK. The VFOE/WF input is used in conjunction 
with the Write Gate signal to enable the Data recovery circuit. 
When Write Gate is high, a write operation is taking place, 
and the data recovery circuits are disabled, regardless of the 
state on any other inputs. 

The Write Precompensation circuit has been designed to 
be used with the WD2 143-03 clock generator. When the 
WD1691 is operated in a "single density only" mode, write 
precompensati on as well a s the WD2 143-03 is not needed. 
In this case, (^T, <^2, (^3, <^4, and STB should be tied together, 
DDEN left open, and TG43, WDIN, Early, and Late tied to 
ground. 

In the double-density mode (DDEN=0), the signals Early 
and Late are used to select a phase input (<A1 - <j)4) on the 
leading edge of WDIN. The STB line is latched high when 
this occurs, causing the WD21 43-03 to start its pulse gen- 
eration. <t>2 is used as the write data jpulse on nominal 
(Early =Late=(/)),^ is used for early, and <l)3 is used for late. 
The leading edge ofljA resets the STB line in anticipa tion 
of the next write data pulse. When TG43=0 or DDEN = 1, 
Precompensation is disabled and any transitions on the WDIN 
line will appear on the WDout line. If write precompensation 
is desired on all tracks, l eave TG 43 open (an internal pull-up 
will force a Logic I) while DDEN=0. 

The signals, DDEN, TG43, and RDD have internal pull-up 
resistors and may be left open if a logic I is desired on any of 
these lines. 

When~VFOE/WF and WRITE GA TE are low, the data re- 
covery circuit is enabled. When the RDD line goes Active 



Low, the PU or PD signals will become active. See Figure 
4. If the'RDD line has made its transition in the beginning of 
the RCLK window, PU will go from a Hl-Z state to a L ogic 
I, requesting an increase in VCO frequency. If the RDD line 
has made its transition at the en d of the RCLK window, PU 
will remain in a Hl-Z state while PD will go to a logic zero, 
requesting a decrease in VCO frequency. When the leading 
edge of ^DD occurs in the center of the RCLK window, both 
PU and~PD will remain tri-stated, indicating that no adjust- 
ment of the VCO frequency is needed . See Figure 3. The 
RCLK s ignal is a divide-by-16 (DDEN=1) or a divide-by-8 
(DDEN=0) of the VCO frequency. 

The minimum Voh level on PU is specified at 2.4V, sourc- 
in^ 200ua. During PUMP UP time, this output will go from a 
tri-state to .4V minimum. By tying PU and PD together, a 
PUMP signal is created that will be forced low for a decrease 
in VCO frequency and forced high for an increase in VCO 
frequency. To speed up rise times and stabilize the output 
voltage,, a resistor divider can be used to set the tristate level 
to approximately 1.4V. This yields a worst case swing of 
± IV; acceptable for most VCO chips with a linear voltage- 
to-frequency ch arac teristic. 

Both PU and PD signals are affected by the width of the 
RAW READ (RDD) pulse . The wider the RAW READ pulse, 
the longer the PU or PD signal (depending upon the phase 
relationship to RCLK) will remain acti ve. If th e RAW READ 
pulse exceeds 250ns, (VCO = 4MHz, DDEN = 0) or 500ns. 
(VCO = 2MHz, DDEN = 1 ), then both a PU and PD will occur 
in the same window. This is undesirable and reduces the 
accuracy of the external integrator or low-pass filter to con- 
vert the PUMP signals into a slow moving D.C. correction 
voltage. 

Eventually, the PUMP signals will have corrected the VCO 
input to exactly the same frequency multiple as the RAW 
READ signal. The leading edge of the RAW READ pulse will 
then occur in the exact center of the RCLK window, an ideal 
condition for the FD179X internal recovery circuits. 
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SPECIFICATIONS 



o 

CO 



ABSOLUTE MAXIMUM RATINGS 

Ambient Temperature under Bias -25° to 70°C 

Voltage on any pin with respect 

to Ground (vss) -0.2 to +7V 

Power Dissipation 1W 

DC ELECTRICAL CHARACTERISTICS 

T^ = 0 to 70°C; Vcc = 5.0V ± 10%; Vqq = OV 



Storage Temp.— Ceramic— 65°C to +150°C 
Piastic— 55°C to +125°C 

NOTE: Maximum limits indicate where permanent device 
damage occurs. Continuous operation at these iimits is not in- 
tended and shouid be limited to those conditions specified in 
the DC Electricai characteristics. 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


TEST CONDITIONS 


V|L 


Input Low Voltage 


-0.2 




+0.8 


V 




V|H 


Input High Voltage 


2.0 






V 




Vol 


Output Low Voltage 






+0.45 


V 


l0L=32MA 


VOH 


High Level Output Voltage 


2.4 






V 


l0H= -200^3 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 




Ice 


Supply Current 




40 


100 


MA 


All outputs open 



NOTE: For AC and functional testing purposes, a Logic '0' is measured at 0.8V, and a Logic '1' at 2.0V. 



AC ELECTRICAL CHARACTERISTICS 

Ta = 0° to 70°C; Vcc = 5V ± 10%; Vss = OV 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


TEST CONDITIONS 


FIN 


VCO Input Frequency 


.5 


4 


6 


MHz 


DDEN=0 






.5 


2 


6 


MHz 


DDEN=1 


Rpw 


ROD Pulse Width 


100 


200 




ns. 




Wei 


EARLY (LATE) to WDIN 


100 






ns. 




Pon 


PUMP UP/DN Time 


0 




250 


ns. 




Wpi 


WDIN to WDOUT 






80 


ns. 


DDEN=1 


'nr 


Internal Pull-up Resistor 


4.0 


6.5 


10 


KSl 






Figure 5 INTERNAL PULL-UP RESISTOR 



Figure 6 RDD AND RCLK PULSE DIAGRAMS 
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WDIN 
EARLY 

LATE 

$4 

STB 
WDOUT 



Jl Jl 



Wei — ».| — •* — Wpw 

n :n n n 












U /U u u 


/u / 


U U . /U 




u 


U /U 


u 






u 




LT 













n Jl 



NOM EARLY 



LATE 



NOM 



TG43 = "1" 
DDEN = "0" 



Figure 7 WRITE DATA TIMING (MFM) 



WDIN 



WDOUT 







* — Wpw 

n 










1 1 

1 1 1 


-» — Wpi 



TG43 = "0" 
DDEN = "1" 



Figure 8 WRITE DATA TIMING (FM) 
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RAW 
DATA 



1691 



RDD 
RCLK 



DDEN 

EARLY LATE -VFOE 



17 18 8 



15 



N.C. 



74LS 08 

D 



74LS04 







1771-01 




25 


XTDS 


± 




) 


27 


FDDATA 








26 


FDCLOCK 





Figure 9 WD1691 to FO1771-01 INTERFACE 



TYPICAL APPLICATIONS 

Figure 9 illustrates the 1691 to FD1771-01 floppy disk con- 
troller. The RCLK signal is used to gate the RAW data pulses 
which are inverted by the 74LS04 inverter. Since RCLK will 
be high during data and low during clock a 74LS08 is used 
to switch the proper clock or data pulse to the FD1 771 . 

Shown in Figure 10 is a Phase-Lock Loop data separator 
and the support logic for a single and double-density 8" drive. 
The raw data (Both clock and data bits) are fed to the 
WD1691 and FD179X. The WD1691 outputs its PU or PD 
signal, which is integrated by the .33uf capacitor and 33ohm 
resistor to form a control voltage for the 748124 VCO device. 
The 4.0IVIHZ nominal output of the VCO then feeds back to 
the WD1691 completing the loop. The WD21 43-03 is also 
used, providing write preco mpensat ion when in double-den- 
sity, from tracks 44-77. The DDEN line can either be con- 
trolled by a toggle switch or a logic level from the host 
system. 

ALIGNMENT 

To adjust write precompensation, issue a command to 
the FD179X so that write data pulses are present. This can 
be done with a 'WRITE TRACK' command and the IP line 
open, or a continuous 'WRITE SECTOR' operation. With a 
scope on pin 4 of the WD1691, adjust the precomp pot for 
the desired value. This will rang e fro m 100 to 300 ns typically. 

The pulse width set on pin 4 (01) will be the desired pre- 
comp delay from nominal. 

The d ata separator must be adjusted with the RDD or 
VFOE/WF line at a Logic I. Adjust the bias voltage poten- 



tiometer for 1.4V on pin 2 of the 74S124. Then adjust the 
range control to yield 4.0MHZ on pin 7 of the 74S124. 



SUBSTITUTING VCO's 

There are other VCO circuits available that may be sub- 
stituted for the 74S124. The specifications required are; 

1) The VCO must free run at 4.0MHz with a 1.4V control 
signal. The WD1691 will force this voltage 1 Volt in 
either direction (i.e., .4V = decrease frequency, 2.4V 
= increase frequency). If a ± 15% capture range is 
desired, then a 1 Volt change on the VCO input should 
change the frequency by 15%. Capture range should 
be limited to about ± 25%, to prevent the VCO from 
breaking into oscillation and/or losing lock because of 
noise spikes (causing abnormally quick adjustments of 
the VCO frequency). Jitter in the VCO output frequency 
may further be reduced by increasing the integration 
capacitor/resistor, but this will also decrease the final 
capture range and lock-up time. 

2) The sink output current of the WD1691 is 3.2ma mini- 
mum. The source output current is -200ua. Therefore, 
source current is the limiting factor. Insure that the input 
circuitry of the VCO does not require source current in 
excess of -200ua. 

Another alternative is to use a voltage follower/level 
shifter circuit to match the input requirements of the VCO 
chosen. A more complex filter can be used to convert the 
PUMP UP/PUMP DOWN pulses to the varying DC voltage 
signal required by the VCO, achieving an optimum condition 
between lock-up time and high frequency rejection. 
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200 NS ± 25 NOTE 4 



RAW DATA 
FROM DRIVE 



+ 5V 



RANGE 
AOJ 




1) AU RESISTORS V4W ± 5% 

2) SPECIFICATIONS = 
CAPTURE RANGE: ±20% 
LOCK-UP TIME: 25Msec 

(ALL ONE S PATTERN, MFM) 

3) FOR 5 1/4' 8 

.68/if .33^t 
680 330 

82Pf 47Pf 

4) RDD ^ ONE EIGHTH RCLK WIDTH MAXIMUM 
250ns for 4MHz 
>00ns for 2MHz 



Figure 10 

8 " SINGLE/DOUBLE DENSITY FLOPPY INTERFACE 



FROM 
DRIVE 



l-691-aM 



Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 

specifications at anytime without notice. 
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DM1883A/B Direct Memory Access Controller 



FEATURES 

• AUTOMATIC DAISY CHAINING OF BUS AND 
INTERRUPT ACKNOWLEDGE SIGNALS 

• AUTO LOAD OPTION 

• SINGLE +5 VDC POWER SUPPLY 

• 8 BIT BI-DIRECTIONAL DATA BUS 

• TRUE OR COMPLEMENT DATA BUS 

• 8 CPU ADDRESSABLE DMAC REGISTERS 

• 8 CPU ADDRESSABLE DEVICE REGISTERS 

« AUTOMATIC GENERATION OF DEVICE OS 
DURING DMA AND CPU DEVICE ACCESSES 
'» 256K MEMORY ADDRESSING 

• 64K PROGRAMMABLE PAGE PROTECTION 

• BYTE OR WORD DMA TRANSFERS 

• INTERRUPT AND BUS REQUEST CAPABILITIES 

• END-OF-BLOCK SHUT OFF BY DMAC 

• TIME-OUT INTERRUPT CAPABILITY 

• SINGLE CLOCK INPUT 

• CS, RE, WE, A0-A3 ADDRESSING 

STOP REQUEST INPUT TO DELAY INTER- 
RUPT OR BUS REQUESTS 

• COMPATIBLE WITH OUR FLOPPY DISC 
CONTROLLERS 

• 8 BIT PROGRAMMABLE INTERRUPT 
ID CODE 



GENERAL DESCRIPTION 

The DM1883 Direct Memory Access Controller 
(DMAC) is packaged in a 40 pin standard dual in- 
line package. The chip requires a single +5 power 
supply input and a single clock input. The device 
contains 8 CPU addressable registers, and allows 
for up to 8 CPU addressable device registers if the 
automatic device chip select feature is used. Byte or 
word transfers can be programmed, and all memory 
DMA operations are handshaked for compatibility 
with a variety of bus structures. Up to 256K bytes of 
memory can be accessed directly with 64K page 
protection and nonexistent memory interrupt as 
options. Bus and Interrupt Acknowledge signals are 
internally daisy chained, and a STOP REQUEST 
input prevents new requests while a current request 
is active. Device accesses are not handshaked, and 
a BUS HOLD feature is present for high speed 
devices. Device interrupt input, end-of-block 
output, and I/O read/write output pins simplify 
hardware interfacing to the device and the CPU bus. 
The AUTO LOAD feature allows automatic boot- 
loading of up to 64K bytes or words into memory 
starting at location zero. An 8 bit interrupt ID code is 
also provided. 
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20 



INTR 
DINTR 

EOB 

AUTLD 

BOW 

DALO 

DAL1 

DAL2 

DAL3 

DAL4 

DAL5 

DAL6 

DAL7 

AE8 

TDB 

A1 



lACKO 
VCC( + 5) 
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PIN CONNECTIONS 



DM1883 BLOCK DIAGRAM 
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INTERFACE SIGNALS DESCRIPTIONS 



00 



PIN 








NUMBER 


SIGNAL NAME 


SYMBOL 


FUNCTION 


1 


GROUND 


VSS 


Ground 


2 


DATA REQUEST 


DRQ 


Data service request input from the peripheral device. A 
DMA transfer is initiated when this signal goes high. 


3 


REPLY 


REPLY 


Active \ow bi-directional handshake signal for both CPU 
and DMA transfers. 


4 


BACK IN 


BACKI 


Bus acknowledge in. An active low input signal from the 
CPU or a previous device in the BACK daisy chain. When 
low this signal will initiate a DMA transfer if the DMAC was 
requesting a DMA cycle. 


5, 23, 24, 25 


REGISTER SELECTS 


AO- A3 


These inputs select one of eight DMAC registers or one of 

selected. When A3 is low the DMAC is deselected and 
DCS is made low by the DMAC to activate device trans- 
fers. CS input to the DMAC must be made low before 
either the DMAC or the device may be selected by the CPU. 


6 


BUS REQUEST 


BUSR 


Active low output signal to initiate a CPU bus request and 
to latch A8-A15, A17 of the 18 bit DMA transfer address 
from DAL0-DAL7, AE8 into an external register. 


7 


CHIP SELECT 


CS 


Active low chip select input signal for CPU controlled 
operations. 


8 


BACK OUT 


BACKO 


Bus acl^nowledge out. An active low output signal used to 
pass BACKI along the daisy chain when the DMAC is not 
requesting a DMA cycle. This output is not affected by 
STOPR. 


9 


DEVICE SELECT 


DCS 


Active low device chip select output signal for CPU and 
DMAC controlled operations. 


10 


READ ENABLE 


RE 


Active low bi-directional read enable for the DMAC and 
the device. 


11 


WRITE ENABLE 


WE 


Active low bi-directional write enable for the DMAC and 

the device. RE and WE are inputs during CPU controlled 
operations, and outputs to the device during DMAC con- 
trolled operations. 


12 


MEMORY READ 


MEMR 


Active low output to initiate a memory read during DMA 
transfers to the peripheral device. 


13 


MEMORY WRITE 


MEMW 


Active low output to initiate a memory write during DMA 
transfers from the peripheral device. 


14 


MASTER RESET 


MR 


Active low master reset signal to initialize the DMAC. 


15 


CLOCK 


CLK 


Clock input 


16 


MEMORY SYNC 


MSYNC 


Active low memory sync output to initiate a memory 
access during DMA transfers. 


17 


READ/WRITE 


R/W 


This output indicates the direction of transfer for the 
peripheral device. High for device-to-memory transfers 
(READ), and low for memory to device transfers (WRITE). 


18 


LOAD ADDRESS LOW 


LAL 


Active low output signal to latch A0-A7, A16 of the 18-bit 
DMA transfer address from DALQ-DAL7, AE8 into an ex- 
ternal register. BUSR and LAL are compatible with INTEL 
8212 devices. 
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PIN 
NUMBER 


SIGNAL NAME 


SYMBOL 


FUNCTION 










19 


STOP REQUEST 


STOPR 


Active low input that prevents INTR and BUSR from going 
low even if a request becomes active. An active INTR or 
BUSR request will not be affected by this input going low. 
This signal is used to speed up daisy chaining of bus and 
interrupt acknowledge inputs, and to prevent new requests 
while some other request is in the process of t>eing serviced. 


20 


lACK IN 


lACKI 


Interrupt acknowledge in. An active low input signal from 

thp r^PI 1 nr f\ nrpwini iq rlp\/ir^p in thp 1 A(^K Hfli^v/ rhain The 

DMAC is selected when INTR is low and this signal goes 
low. If RE also goes low while the DMAC is selected via this 
signal then the interrupt ID code is gated onto DAL0-DAL7. 


21 


POWER SUPPLY 


vcc 


+5 VDC power supply input 


22 


lACK OUT 


lACKO 


used to pass 1 ACKI along the daisy chain when the DMAC 
is not requesting an interrupt. This output is not affected 
by STOPR. 


26 


TRUE DATA BUS 


TDB 


This input selects a true data bus on the DAL lines when 
high or open, and a complemented data bus on the DAL 
lines when low. 


27 


ADDRESS EXTENSION 


AE8 


Address extension bit output. Used during DMA opera- 
tions to extend the address to 18 bits. This bit is true if TDB 
is high and complemented if TDB is low. 


28-35 


DATA AOnF<?R i INF*? 


DAI O-DAI 7 


An R-Kit Ki«Hl ro^tii^na 1 fh roo-cf afo Ki ic f nr r^PI 1 anH PiMAf^ 
AMI O Ull Ul UliC/UliUllctI UUcc oldlt? UUo lUl \jt\J dllU LyiVlAAO 

controlled transfers to and from the DMAC. These signals 
remain in a three-state mode if the peripheral device is 
selected via A3 instead of the DMAC. 


36 


BYTE OR WORD 


BOW 


Byte or word DMA transfer mode input. When high mem- 

transfer. When low memory addresses are incremented 
by two after every DM A transfer and the LSB of the memory 
address is forced to zero. 


37 


AUTO LOAD 


AUTLD 


Active high input to initiate a non-programmed 64K device 
to memory data transfer. 


38 


END OF BLOCK 


EOB 


Active high output to shut off the peripheral device when 
the transfer count goes to zero. 


39 


DEVICE INTERRUPT 


DINTR 


Interrupt service request input from the peripheral device. 
An interrupt request is generated by the DMAC if this in- 
put is high and the device interrupt enable bit in the com- 
mand register is also set. 


40 


INTERRUPT REQUEST 


INTR 


Active low interrupt service request output. This output 

nAOC IniAi if* 1^ Anw oriA of thA throo intorn ir\t onnHitiAnQ IQ 

^L/CO lUW III I ) rWij \J\ \KS \J\ lilt? 11 11 il 1 Id 1 U|Jl \j\J\ lUlllwl 19 lO 

active, and 2) The STOPR input is high, and 3) The corres- 
ponding interrupt enable bit for the interrupting condition 
is set. 


NOTE: The following pins float when not active low and require an external pull-up resistor of 10 KO (or greater) to +5 VDC: 




INTR, REPLY, RE, WE. MEMR. MEMW, MSYNC 


The followin 


g pins have internal 10 KCi pull-up resistors to +5 VDC: 






TBD, DRQ, DINTR 
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CO 
00 
CO 

00 



WIRE-ORABLE SIGNALS 

The following output signals can be wired together 
with a single common pull-up resistor if multiple 
DMAC chips exist on the same board: 

MSYNC, MEMR, MEMW. INTR 
REGISTER SELECTION 

A 4-bit address input (AO, A1, A2, A3) is used to 
select one of 8 internal DM AC re gisters or to gener- 
ate a device chip select (DCS) output signal for 
selection of up to 8 peripheral device registers. The 
following table details the selection process. 



INPUTS 


OUTPUT 


SELECTED 


CS 


A3 


A2 


A1 


AO 


DCS 


REGISTER 


L 


L 


X 


X 


X 


L 


One of 8 peripheral 
device registers 


L 


H 


L 


L 


L 


H 


DMAC control regis- 
ter (0) 


L 


H 


L 


L 


H 


H 


DMAC status register { 1 ) 


L 


H 


L 


H 


L 


H 


DMAC TC low register 

(2) 


L 


H 


L 


H 


H 


H 


DMAC TC high regis- 
ter (3) 


L 


H 


H 


L 


L 


H 


DMAC MA low regis- 
ter (4) 


L 


H 


H 


L 


H 


H 


DMAC MA high regis- 
ter (5) 


L 


H 


H 


H 


L 


H 


DMAC MA ext. regis- 
ter (6) 


L 


H 


H 


H 


H 


H 


DMAC ID code regis- 
ter (7) 



NOTE: L 



Low voltage level. H = High voltage level, X = don't 
care. 



TRANSFER COUNT REGISTER (TCR) 

A 16-bit counter register that holds the two's com- 
plement of the transfer count (words or bytes) for 
DMA transfer operations. The low order 8 bits are in 
TC low, and the high order 8 bits are in TC high. The 
count is incremented by one after every DMA 
transfer. When the count reaches zero- bit 3 of the 
Status Register is set to a one. If bit 3 i n the Com- 
mand Regi ster is a lso a one then INTR will go low 
(providing STOPR is also high). TCR is set to a one 
on a MASTER RESET to allow a 64K transfer count 
during auto load. 

MEMORY ADDRESS REGISTER (MAR) 

An 18-bit counter register that occupies 3 DMA 
registers. Bits 0-7 are in MA low, bits 8-15 are in MA 
high, and bits 16-17 are in MA ext. The carry from bit 
15 to 16 is enabled if and only if bit 6 of the Com- 
mand Register is set to a one. Ifthe BOW input pin is 
high then the MAR is incremented by one after every 
DMA transfer. If the BOW input pin is low then the 
MAR is incremented by two after every transfer and 
bit 0 is forced to a zero. This register is cleared to all 
zeros on a MASTER RESET. 
During a DMA operation the DMA address is gated 
onto the DAL lines in two 9-bit bytes. The first byte 
out contains MAR 8-15 on DAL 0-7 and MAR 17 or 
AE8. The second byte out contains MAR 0-7 on DAL 
0-7 and MAR 16 on AE 8. The first byte is valid on the 
trailing edge of BUSR, and t he second byte is valid 
on the trailing'edge of LAL. Note that the address 
can easily be extended to 24 bits by decoding the 
address of the 2-bit extension register externally 
and gating the 6 unused bits into an external latch. 
This would give the system 16 Mbytes of addressing 
with either 65K or 256K bytes of paging. 



REGISTER DEFINITIONS 

7 6 



DMAC CONTROL REGISTER (CR) 

4 3 2 



N/A 



AECE 



HBUS 



lOM 



TCIE 



TOIE 



DIE 



RUN 



BIT 



SYMBOL 



FUNCTION 



0 


RUN 


1 


DIE 


2 


TOIE 


3 


TCIE 


4 


lOM 



HBUS 



Run/stop bit. A 1 places the DMAC in the run mode. A 0 terminates DMAC operation. 

Device interrupt enable. A 1 allows a high input on DINTR to set the INTR output low. 

Time-out interrupt enable. A 1 allows the time-out one- shot to set the INTR output low. 
The time- out inte rrupt is set during a DMA transfer if REPLY does not go low within 
5 usee of MSYNC going low. 

Transfe r cou nt zero interrupt enable. A 1 allows a zero in the transfer count register to 
set the INTR output low, 

Input or output mode. A 1 sets READ mode (from the peripheral device to memory), 
and a 0 sets WRITE mode (from nnemory to the peripheral device). This bit also appears 
as an ungated output on the R/W pin. 

Hold bus. A 1 informs the DMAC to hold onto the bus for the entire block instead of 
releasing the bus after each byte or word transfer. 
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BIT 


SYMBOL 


FUNCTION 


R 
D 

7 


N/A 


Address extension carry enable. A 1 allows a carry from DMA address bit 15 to propo- 
gate into bit 16. 

Not used. 



00 
00 
CO 

00 



NOTE: Bits 1, 2, 3 set INTR low on an active condition if and only if the STOPR input is high. 

DMAC STATUS REGISTER (SR) 

7 6 5 4 3 2 



1 



0 



BUSY 



AECE 



HBUS 



lOM 



TCZI 



TO! 



DINT 



BOW 



BIT 



SYMBOL 



FUNCTION 



BOW 

DINT 
TO! 

TCZI 

lOM 

HBUS 
AECE 

BUSY 



Byte or word data channel. A read only bit that indicates the status of the BOW input 
pin. A 1 bit indicates byte mode, and the DMA memory address is incremented by one 
after each DMA transfer. A 0 bit indicates word mode, and the DMA memory address is 
incremented by two (bit 0 is forced to a 0) after every DMA transfer. 

If set a de vice in terrupt has occurred. This is a read/write bit. Resetting this bit to a zero 
will reset INTR. 

If set a time-ou t inte rrupt has occurred. This is a read/write bit. Resetting this bit to a 
zero will reset INTR. 

If set a transfer count equals zero interrupt has occurred. A read only bit. Sets EOB 
output when set. 

Input-output mode. This bit reflects the status of bit 4 in the Command Register. A read 
only bit. 

Hold bus. This bit reflects the status of bit 5 in the Command Register. A read only bit. 

Address extension carry enable. This bit reflects the status of bit 6 in the Command 
Register. A read only bit. 

Busy (data transfer not completed). A read only bit that reflects the status of bit 0 (RUN) 

in the Command Register. 



NOTE: Bits 1,2,3 are set if the corresponding condition occurs. The enable bits in the CR affect only the INTR output, and not the 
Status Register. 



10 CODE REGISTER (IDR) 

An 8-bit programmable interrupt ID code register 
that gives the system an efficient way to establish a 
jump or vector address during a DMAC interrupt. 
The register is cleared to all zeros during a MASTER 
RESET, and must be lo aded by the prog ram du ring 
system initialization. If INTR is low, and lACKI and 
RE go low then the conten ts of ttjjs register are 
gated onto DAL 0-7 lACKI and OS must not be 
allowed to be low at the same time. 

MASTER RESET 

All register bits are reset to a zero during a MASTER 
RESET except the following which are set to ones: 
TCR bit 0, CR4, CR5, CR6, SR4, SR5, and SR6. This 
sets up the DMAC for a 64K transfer from the per- 
ipheral device to memory starting at address 0. The 
hold bus mode is also enabled. Execution of an Auto 
Load will begin DMA transfers under the above 
conditions. 



AUTO LOAD 

If the AUTLD input is made active after a MASTER 
RESET then bits CR3, CR1, and CRO are also set. 
This places the DMAC in run mode, and enables two 
of the interrupt conditions. The DMAC will initiate 
data transfers, and will continue until either the 
transfer count reaches zero or a device interrupt 
occurs. Either event will terminate transfers and 
generate an interrupt. 

WRITE PROTECT FEATURE 

During CPU controlled transfers to the DMAC, if the 
RUN bit is set then any attempt to write into any of 
the Memory Addres s or T ransfer Count registers 
will result in a NOP. REPLY will be made low in any 
case. 

CPU CONTROLLED DATA TRANSFERS 

During a CPU controlled transfer the CPU must 

have control of the system bus. When a CPU cycle is 
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initiated the system decodes the address on the bus. 

If the DMAC or its associated peripheral device Is 
S selected then C5 to the DMAC Is made low. The 
^ DMAC looks at the A3 input. If A 3 Is low the per- 
00 ipheral device is selected, and DCS is made low. The 
2§ DMAC will not respond to an active RE or WE if A3 is 
^ low, and the DAL bus will stay in a high impedance 
Qj state. This allows the DMAC DAL bus and the device 

DAL bus to be tied together if the device DAL bus is 

also in a high impedence state when the device Is 

not selected. 

If A3 Is high when CS Is low then the DMAC isselec- 
ted and will respond to an active low RE or WE. AO- 
A2 selects the DMAC as described under the 
REGISTER SELECTION section. If RE goes low the 
DMAC places the contents of the sele cted register 
on the DAL bus and activates REPLY to Inform the 
CPU that valid data is on the bus. If WE goes low the 
DMAC gates the contents of t he DAL bus into the 
selected register and activates REPLY to Inform the 
CPU that data has been accepted. 

If the peripheral device has more than 8 registers, or 
the device has fewer than 8 registers and there are 
one or more auxiliary registers external to the 
device, then It may be easier for the user to separate 
DMAC and device chip selects. In this mode CS to 
the DMAC Is activated If and only if the DMAC is 
selected and A3 Is tied to +5 VDC. The chip select to 
the device from a CPU controlled data transf er is 
ORed with DCS out of the DMAC. In this mode DCS 
will go low if and only if a DMA transfer is in effect 
and can be used by the controller as a "DMA ACTIVE" 
signal. Note that in any case actual data transfers to 
and from the CPU and the peripheral device are done 
by way of the device's DAL bus, not the DMAC's DAL 
bus. 



DMAC CONTROLLED DATA TRANSFERS 

When the DMAC is in RUN mode (CR0=1) it waits 
for a Data Request (DRQ) Input from the peripheral 
device. When DRQ becomes active the DMAC 
re quests t he bus from the CPU by activating BUSR. 
If STOPR was active whe n DRQ w ent active then the 
DMAC wou ld wai t until ST OPR w ent high before 
activating BUSR. W hen B ACK! goes low in 
response to an active BUSR the request has been 
granted and the DMAC controls data transfers 
between the peripheral device and memory. The 
direction of th e transf er is_determlned by the status 
ofjhe READ/WRITE (R/W) output pin. Note that 
R/W is tied directly to CR4. 

1.) DEVICE-TO-MEMORY DMA TRANSFERS 

(CR4=1) 

Once the DMAC has been granted the bus the 

following occurs: 



A. ) The DMAC places the high byte of the mem- 

ory address on t he DAL lines, activates DCS, 
and then raises BUSR. The trailing edge of 
BUSR can be used to latch the address into 
an external buffer. 

B. ) The DMAC places the low byte of the mem- 

ory address on the DAL lines wh ile activating 
LAL, an d the n activates MSYNC. The trailing 
edge of LAL can be used to latch the address 
into an external buffer 

C. ) The DAL lines are placed into a high 

impedence state in anticipation of a data 
transfer across the bus. 

D. ) The DM AC activates RE and then activates 

MEMW. 

E. ) The DM AC waits for REPLY to go lo w. When 

REPLY is active the DMAC deactivates MEMW 
and then deactivates RE. 

F. ) If the DMAC is not in hold bus mod e (CR5=1 ) 

then the DMAC deactivates DCS and gives 
up control of th e bus . If the DMAC is in hold 
bus mode then DCS remains low until after 
the complet ion of the final data transfer. 
Note that BUSR still cycles for every 
transfer. 

G. ) After the completion of every data transfer 

the memory address register is incremented 
by one in byte mode or two in word mode. 

H. ) After the completion of every data transfer 

the transfer count Is Incremented by one. 
Transfers are considered to be completed 
when the transfer count equals zero. 

2.) MEMORY-TO-DEVICE DMA TRANSFERS 
(CR4=0) 

Once the DMAC has been granted the bus it 
goes through the same steps as in the DEVICE- 
TO-MEMORY mode with the exception of steps 
"D" and "E" which are as follows: 

D. ) The DMAC activates MEMR and then acti- 

vates WE. 

E. ) The DMAC waits for REPLY to go low. When 

REPLY is active the DMAC d eactivates WE 
and then deactivates MEMR. 

In either mode BACKI will be gat ed ou t to BACKO 
as soon as the DMAC deactivates DCS. This allows 
other devices in the chain to gain access to the bus 
Immediately. 

INTERRUPTS 

There are three individually enabled interrupt condi- 
tions. If any of the conditions occurs it will set its cor- 
responding bit in the Status Register. If the 
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appropri ate en able bit in the Command Register is 
set then INTR is also activate d. No te that these are 
Independent functions. When INTR is active then the 



DMAC can be selecte d by an active lACKI instead of 
an active CS. CS and lACKI must not both be active 
at the same time. 



00 

00 
CO 
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2-8T26 
BUS 
TRANSCEIVERS 



AE8 
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NOTE: EOB R/W, AND AUTLD ON THE 
DMAC ARE NOT USED AND 
NOT SHOWN. 
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■ DMAIP 
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DMAREQ 
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TYPICAL DMAC TO FDC APPLICATION 
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Once an interrupt condition sets its corresponding 
bit in the status register the bit stays set until a CPU 
write to the status register occurs with a zero in the 
bit position.* If any one (or more) of the three inter- 
rupt c ondition bits in the Status Registe r is set then 
lACKI will not be gated out to lACKO even If the 
interrupt is not enabled. 

NOTE: For a transfer-count-equals-zero interrupt condition to be 
cleared the Transfer Count Register must be loaded with 
a non-zero count. 

The three interrupt conditions are as follows: 

1. ) DEVICE INTERRUPT (DINT) 

A device interrupt condition occurs when the 
DINTR input is made high. This sets SRI and, if 
CR1 is set, it activates INTR. The RUN bit is also 
reset thus terminating all subsequent DMA 
transfers. A device interrupt could be generated 
by a number of causes, and the program will 
have to test the device's Status Register to deter- 
mine the cause of the Interrupt. The DINT status 
bit in the DMAC Status Register must be cleared 
by the program as a part of the interrupt service 
routine. 

2. ) TRANSFER COUNT EQUALS ZERO 

INTERRUPT (TCZI) 

When the TCR is incremented to zero after a 
DMA transfer the TCZI status bit (SR3) is set and 
the RON bit (CRO) is reset. This terminates all 
DMA operations and, if CR3 is set, activates 
INTR. SR3 can be cleared only by loading a non- 
zero value into the TCR. The EOB output pin is 
high whenever SR3 is set. 

3. ) TIME-OUT INTERRUPT (TOI) 

During any DMA transfer the leading edge of 
MSYNC triggers an internal time delay of 
approximately 5 microseconds. If the D MAC 
does not receive an active low REPLY input 
within that time delay then the DMA operation is 
terminated, the RUN bit is reset, and the TO I 
status bit (SR2) is set. If CR2 is set then INTR is 
activated. SR2 can only be cleared by writing a 
zero into that position of the Status Register. 

INTERRUPT OPERATION 

When the DMA C activ ates INTR the CPU responds 
by activating lACKI. This signal can be daisy 
chained through all devices. The first device in the 
chain tha t has a ny bit in SR1- SR3 set will bl ock th e 
gating of lACKI out to lACKO. In addition, if INTRjs 
active an lACK I will select the DMAC. An active RE 
after an lACKI select will gate the contents of the 
interrupt ID code register onto the DAL lines. The ID 
code stays active on the DAL lines as long as lACKI 
and RE are active. This code, which is cleared to zero 



by a MASTER RESET and loaded by the program 
during system initialization, can be used by the 
system to create a JUMP or VECTOR address for the 
device interrupt routine. Note th at an active CS 
during a DMAC select via an active lACKI will cause 
unspecif ied re sults. Note also that no condition can 
activate INTR u nless its c orrespon ding enable bit is 
set and STOPR is high. If STOPR is active when the 
interr upt condition occurs th en the DMAC will hold 
INTR inactive until STOPR goes inactive. At that 
time the DMAC will activate INTR automatically. 

DMA PRIORITY SYSTEMS 
Fixed Priority 

A fixed priority can be established in two ways: 
through a parallel request-grant system or through 
a CPU controlled daisy chain system. A typical 
asynchronous parallel DMA priority system is 
shown . In thi s system any request generates an 
active STOPR, which is gated to all devices, and an 
active DMA request to the CPU. The CPU DMA 
grant generates a grant to the requesting device 
with the highest priority. If more than one request is 
received at the same time then the grants are 
honored from the highest to the lowest priority. In 
most cases, however, grants are not received simul- 
taneously. The highest priority devices, therefore, 
will receive most of the immediate grants with the 
others being delayed by an active STOPR. 



ASYNCHRONOUS PARALLEL 
DMA PRIORITY SYSTEM 

Establishing a fixed priority system through a daisy 
chain approach requires the CPU monitor a "DMA 
IN PROGRESS" si gnal o n the bus. This signal can 
be ge nera ted from DCS during a DMA transf er (i.e., 
DCS' CS). In this mode the CPU activates BACKI 
and ST OPR in response to some bus request. 
STOPR is tied to all DMA co ntrollers to prevent new 
bus requests while BACKI is propagating through 
all non-requesting DMAC devices. When the 
requestin g DM AC gains con trol ove r the b us an d 
activates DCS the CPU drops BAC KI*. Whe n DCS is 
deactivated the CPU deactivates STOPR to allow 
new requests. In this manner the device physically 



REQUEST 
INPUTS p 

4 

DMARO - 

DMAR1 - 

DMAR2 — 

DMAR3 — 

DMAR4 - 

DMAR5 - 

0MAR6- 

10 

□MAR7 — 



- DMA REQUEST (TO CPU) 



-^^-^oJ>0-"-^^>0-i*- 



DMA GRANT 
(FROM CPU) 



STOPR 

(TO ALL DMACs) 

GRANT 
OUTPUTS 



Z DMAGO 
DMAG1 

— DMAG2 

— DMAG3 

[— DMAG4 
13 

— DMAG5 

— DMAG6 

— DMAG7 
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closest to the CPU on the daisy chain has highest 
priority for ail request cycles. 

NOTE: BACKI and STOPR can be dropped at the same time with 
no effect on the priority sche me, bu t the CPU may have 
to capture new requests until DCS goes high. 

Rotating Priority 

This is a daisy chain approach that prevents one 
device from getting most of the bus grants if multiple 
devices are active at the same time. In this mode any 
device requesting the bus causes the CP U to activate 
BACKI. This signal is tied to t he BACK I and STOPR 
inputs of the first DMA C. The BAC KO outp ut of the 
first DMAC goes to the BACKI and STOPR inputs of 
the second DMAC, and so on. The BACKO output of 

SPECIFICATIONS 

Absolute Maximum Ratings 

Ambient Temperature Under Bias...O°C to +70° C 
Voltage on Any Pin with Respect 

to Ground -0.5V to +7V 

Po^er Dissipation 0.6 Watt 



DC Electrical Characteristics 

Ta = 0°C to +70° C; Vqc = 5.0V ±5%; GND =0V 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


TEST CONDITIONS 


V|L 


Input Lov^ Voltage 


-0.5 




0.8 


V 




V|H 


Input High Voltage 


2.4 




Vqc 


V 




Vol 


Output Low Voltage 






0.45 


V 


Iql = l-S mA 


VOH 


Output High Voltage 


2.4 






V 


Iqh -100 jLiA 


"dl 


Data Bus Leakage 






-50 


JJA 


V|N = 0.45V 










10 


JJA 


V|N = 


'IL 


Input Leakage 






10 


JUA 




'cc 


Power Supply Current 




45 


90 


mA 





NOTE: VOL $0.4V when interfacing with low power Schottky parts (Iql <1 mA). 



Capacitance 

Ta = 25° C; Vqq = GND = OV 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


TEST CONDITIONS 




Input Capacitance 






10 


PF 


fC = 1 MHz 


C|/0 


I/O Capacitance 






20 


PF 


Unmeasured pins 














returned to GND. 



System Clock (CLK) Characteristics 



Maximum Frequency = 2.0 MHz 
Minimum Pulse Width = 250 ns 
Maximum Pulse Width = 50% of duty cycle 



the last DMAC i n the chain goes back to the CPU to 
reset its BACKI output. In this mode the first device 
cannot request again until all other requesting 
devices in the chain have also been serviced. 

In any case, if the CPU has to have the DMA request 
held active throughout the DMA cycle then the user 
will have to create this signal qri_the controller thusly: 
DMAREQ = BUSR + (DCS-CS). If the device and 
DMAC chip selects are generated on the controller 
separately then the CS can be eliminated from the 
equation. It is needed only to distinguish a CPU chip 
select from a DMA cycle chip select. Note that in 
either case the second term in the equation is equiva- 
lent to "DMA CYCLE IN PROGRESS" (DMAIP). 



S 

J: 



NOTE: Maximum ratings indicate limits beyond which perma- 
nent damage may occur. Continuous operation at these 
limits Is not intended and should be limited to those con- 
ditions specified under dc electrical characteristics. 
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00 
00 
CO 

CD 



ADDRESS BUS 



— -I L- 

k H- 



p 'rr 

J 



ADDRESS BUS 



^ p— "^RDV— *|~ 

^WA— > 



^3! c 



'we —J 



''WR ^ j" 



CPU CONTROLLED TRANSFER 




— - 'CSV2 



BUSR I FOLLOWS SECOND CLK i AFTER DRZ t. 

a. CYCLE 2 IS SKIPPED FOR ALL SUBSEQUENT TRANSFERS WHEN IN THE HOLD MODE, I.E., DCS 
REMAINS LOW FOR ENTIRE BLOCK OF TRANSFERS. 

b. FOLLOWING BUSR \ WITH DCS HIGH (I.E., REQUESTING BUS CONTROL), THE DMA WILL ADD WAIT 
CYCLES BETWEEN CYCLES 2 AND 3 UNTIL BACK1 * IS RECEIVED. 

CYCLE 7 WILL BE REPEATED FOR EACH ADDITIONAL PERIOD THAT REPLY * IS DELAYED TO THE DMA. 
CYCLE 7 WILL BE SKIPPED (I.E., MEMW (WE) PULSE WIDTH = 1/2 CLK PERIOD) IF REPLY IS MADE LOW 
PRIOR TO CLK * OF CYCLE 6 (E.G., REPLY TIED TO GNO DURING DMA TRANSFER). 

EOS IS ACTIVATED ONLY FOR THE TRANSFER WHERE TCR INCREMENTS FROM 11 ... 1 TO 00 ... 0 (I.E., 
END OF BLOCK). 

TO INSURE PROPER LOADING OF DAL BUS CONTENTS INTO THE CONTROLLER REGISTERS, THE WE 
PULSE WIDTH MUST BE GREATER THAN OR EQUAL TO ONE CLK PERIOD. THIS REQUIREMENT CAN ALSO 
BE SOLVED OFF CHIP BY TRIGGERING WE t (TRAILING EDGE) WITH CLK t. 



DMA CONTROLLED TRANSFER TIMING 
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AC Electrical Characteristics 

- 0°C to +70° C; Vqc 5.0V +5%; GND OV 



SYMBOL 



DESCRIPTION 



MIN 



MAX. 



UNIT 



COND 



CPU CONTROLLED TRANSFER TIMING - READ 



Tar 


Address Valid to RE"f 


80 




ns 




TCR 


CS 1 to RE f 


0 




ns 




Tre 


RE Pulse Width 


300 




ns 




trdv 


REf to Data Valid 




375 


ns 


CL = 50 pF 


Trr 


RE 1(1) to REPLY i (4) 


50 


350 


ns 


CL - 50 pF 


Tra 


Address Hold from RE 1 


30 




ns 




trc 


CS Hold from RE 4 


0 




ns 




Trdf 


Data Float from RE I 




200 


ns 




CPU CONTROLLED TRANSFER TIMING - WRITE 


Taw 


Address Valid to WE i 


80 




ns 




Tew 


CS 1 to WE + 


0 




ns 




tdw 


Data Valid to WE 4 


300 




ns 


CL -■ 50 pF 


TWE 


WE Pulse Width 


300 




ns 




Twr 


WE 1(4)10 REPLY t(|) 


50 


350 


ns 


CL - 50 pF 


TWA 


Address Hold from WE 1 


30 




ns 




TWC 


CS Hold from WE 4 


0 




ns 




TWD 


Data Hold from WE 4 


30 




ns 




SYMBOL 


DESCRIPTION 


MIN T 


TYP 1 MAX. j UNIT 


COND 



DMA CONTROLLED TRANSFER TIMING 



TCSVI 


Indicated CLK Edge to indicate Signal Valid 




150 


250 


ns 


CL - 50 pF 


TCSV2 


Indicated CLK Edge to Indicated Signal Valid 




250 


400 


ns 


CL = 50 pF 


tas 


DAL Set Up to BUSR 4 or LAL t(|) 


80 






ns 


CL = 50 pF 


Tah 


DAL Hold from BUSR 4 or LALf (D 


50 






ns 


CL - 50 pF 


tldf 


LAL 1 to DAL Float 






250 


ns 


CL = 50 pF 


TSET 


Indicated Signal Setup to Indicated CLK Edge 


80 






ns 





MISCELLANEOUS TIMING ( t 1 CLOCK PERIOD) 



CSt(4iTo DCS i (4)Propogation Delay 
(for A3 low) 

lACKI t (4) to lACKO t (4^ Propogation Delay 
when Not Requesting Interrupt 

BACKI i (4) to BACKOl (4) Propogation Delay 
when Not Requesting Bus 

MR Pulse Width 



DINTR, AUTLD, DRQ, REPLY Pulse Width 
BOW 4 (4) or TDB4 (4) Set Up 



Waiting INTR 4 or BUSR 4 from STOPR 4 
INTR 4 from DINTR | 



2t 

n 

500 



150 
150 
150 



250 
250 
250 



IX +400 

1,5t '400 



ns 
ns 

ns 



CL - 50 pF 

CL - 50 pF 
CL = 50 pF 



CL = 50 pF 
CL 50 pF 



NOTE: A 1 TTL load is assumed on all output signals 

See page 725 for ordering information. 
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Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility Is assumed by Western Digital 
Corporation for Its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license Is granted by 
Implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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Printed in U.S.A. 



WESTER/V DIGITAL 

CORPORAT/ON 

WD2143-03 Four Phase Clock Generator 



o 

N> 
CO 

6 

CO 



FEATURES 

• IMPROVED VERSION OF WD2143-01 

• TRUE AND INVERTED OUTPUTS 

• SINGLE 5 VOLT SUPPLY 

• TTL COMPATABLE 

• ON CHIP OSCILLATOR 

• TTL CLOCK INPUT 

• TTL CLOCK OUTPUTS 

• PROGRAMMABLE PULSE WIDTHS 

• PROGRAMMABLE PHASE WIDTHS 

• NO EXTERNAL CAPACITOR 



GENERAL DESCRIPTION 

The WD2143-03 Four-Phase Clock Generator is a MOS/ 
LSI device capable of generating four phase clocks. The out- 
put pulse widths are controlled by tying an external resistor 
to the proper control inputs. All pulse widths may be set to 
the same width by tying the </>PW line through an external re- 
sistor. Each pulse width can also be individually pro- 
grammed by tying a resistor through the appropriate <;>1 PW — 
(;&4PW control inputs. 




PIN CONNECTIONS 



01 PW 

V 



STB IN^ 



02 PW ^ 

03 PW ^ 



04PW ^ 
0PW y 



OSC 



T Q 

5 



-AW 



T Q 
02 

Q 



-WAr- 



T Q 
04 

3 



01 

0T 

02 

02 
03 

03 
04 

04 



Figure 1 WD2143-03 PIN CONNECTIONS AND BLOCK DIAGRAM 



DEVICE OPERATION 

Each of the phase outputs can be controlled individually by 
typing an external resistor from 01 PW-04PW to a +5V sup- 
ply. When it is desired to have 01 through 04 outputs the 
same width, the 01 PW-04PW inputs should be left open and 
an external resistor tied from the 0PW (Pin 17) input to 
+ 12V. 



STROBE IN (pin 1 1) is driven by a TTL square wave. Each of 
the four phase outputs provide both true and Inverted 
signals, capable of driving 1 TTL load each. 
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PIN NUMBER 


SYMBOL 


DESCRIPTION 


1,3, 5,7 


■^—04 


Four phase clock outputs. These outputs are inverted (active low). 


2, 4, 6, 8 


01 -(/>4 


Four Phase clock outputs. These outputs are true (active high). 


9 


GND 


Ground 


10 


NC 


No connection 


11 


STB IN 


input signal to initiate four-phase clock outputs. 


12 


NC 


No connection 


13-16 


01PW-04PW 


External resistor inputs to control the individual pulse widths of each output. 
These pins can be left open if (/>PW is used. 


17 


0PW 


External resistor input to control all phase outputs to the same pulse widths. 


18 


Vcc 


+5V ± 5% powor supply input 



Table 1 PIN DESCRIPTIONS 



TYPICAL APPLICATIONS 



7 I -"^ >u 

' +12 )-^w^--v^^wv'V' — t_ 

10K V 



WD214a03 
STB IN 



Figure 2 WRITE PRECOMP OPERATION WITH F.S.L 
WD1691 




7400 



STB IN 

WD2143-03 



Figure 3 TTL SQUARE WAVE OPERATION 



(bP\N 



STB IN 
WD2143-03 

d>2 
<b3 



</>1 
(62 



Figure 4 EQUAL PULSE WIDTH OUTPUTS 



+ 5 
V 



10K 





STB IN 


01PW 


</>1 


02PW 


<t>2 


WD2143-03 


03PW 


(/>3 


04PW 


M 



.4>2 



■ M 



Figure 5 INDIVIDUAL PULSE WIDTH OUTPUTS 
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Figure 6 WRITE PRECOMP FOR FLOPPY DISK 



'PW*- 



t*'PW-M 



/ 



■*'PW*- 



Figure 7 WD2143-03 TIMING DIAGRAM 



SPECIFICATIONS 

Absolute Maximum Ratings 

Operating Temperature 

Voltage on any pin with 
respect to Ground* 

Power Dissipation 

Storage Temperature 



0° to +70° C 
-0.5 to +7V 

1 Watt 

plastic -SS'to +125°C 
ceramic -65° to +150°C 



Note: Maximum ratings indicate limits beyond whicti perma- 
nent damage may occur. Continuous operation at these limits 
is not intended and should be limited to the DC electrical char- 
acteristics specified. 

*Pin 17 = -0.5V to +12V. Increasing voltage on Pin 17 will 
decrease Tpw 



DC ELECTRICAL CHARACTERISTICS 

Vjjj, = 5V ±5%, GND = OV, T^ = 0° to ZO'C. 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


CONDITIONS 


Vol 


TTL low level output 




0.4 


V 


iOL = 1.6 mA 


VOH 


TIL high level output 


2.0 




V 


iQH = -lOOfiA 


V|L 


STB in low voltage 




0.8 


V 




V|H 


STB In high voltage 


2.4 




V 




ice 


Supply Cun'ent 




80 


mA 


All outputs open 



Table 2 DC ELECTRICAL CHARACTERISTICS 
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SWITCHING CHARACTERISTICS 

^ Vcc =5V ± 5%, GND - OV Ta = 0° to 70° C 

O 
to 



CO 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


CONDITIONS 


tPD 


STB IN to 01 




140 


ns 




tpw 


Pulse Width (any output) 


100 


300 


ns 


CL = 30pf 


tPR 


Rise Time (any output) 




30 


ns 


CL = 30pf 


tPF 


Fall Time (any output) 




25 


ns 


CL = 30pf 


fs 


STROBE PULSE WIDTH 




1.0 


MS 


combined tpw = 400 ns 


tDPW 


Pulse Widtti Differential 




±10 


% 


Referenced to 01, 100-300 ns. 



Table 3 SWITCHING CHARACTERISTICS 

NOTE: Tpw measured at 50% Vqh Point; Vql = 0.8V, Vqh = 2.0V. 

See page 725 for ordering information. 



Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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Printed in U S A. 



WESTERIM DiGITAL 

CORPORAT/ON 

WD9216-00/WD9216-01 
Floppy Disk Data Separator — FDDS 



FEATURES 

• PERFORMS COMPLETE DATA SEPARATION 
FUNCTION FOR FLOPPY DISK DRIVES 

• SEPARATES FM OR MFM ENCODED DATA 
FROM ANY MAGNETIC MEDIA 

• ELIMINATES SEVERAL SSI AND MSI DEVICES 
NORMALLY USED FOR DATA SEPARATION 

• NO CRITICAL ADJUSTMENTS REQUIRED 

• COMPATIBLE WITH WESTERN DIGITAL 179X, 
176X AND OTHER FLOPPY DISK 
CONTROLLERS 

• SMALL 8-PIN DUAL-IN-LINE PACKAGE 

• -1-5 VOLT ONLY POWER SUPPLY 

• TTL COMPATIBLE INPUTS AND OUTPUTS 



GENERAL DESCRIPTION 

The Floppy Disk Data Separator provides a low cost 
solution to the problem of converting a single stream 
of pulses from a floppy disk drive into separate Clock 
and Data inputs for a Floppy Disk Controller. 

The FDDS consists primarily of a clock divider, a 
long-term timing corrector, a short-term timing 
corrector, and reclocking circuitry. Supplied In an 8- 
pin Dual-ln-Line package to save board real estate, 
the FDDS operates on -f- 5 volts only and is TTL com- 
patible on all inputs and outputs. 

The WD9216 is available in two versions; the 
WD9216-00, which Is intended for5V4" disks and the 
WD9216-01 for5V4" and 8" disks. 



DSKD 


c 


1 


8 


□ vcc 


SEPCLK 


c 


2 




□ SIPD 


REFCLK 


c 


3 


6 


^ CD1 


GND 


c 


4 


5 


|] CDO 



PIN CONFIGURATION 



REFCLK- 



CDO- 
CD1 



CLOCK 
DIVIDER 



DSKD- 



EDGE 
DETECTION 
LOGIC 



DATA/CLOCK 
SEPARATION 
LOGIC 



— +5V 

— GND 



PULSE 
REGENERATION 
LOGIC 



SEPCLK 
SEPD 



FLOPPY DISK DATA SEPARATOR BLOCK DIAGRAM 
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ELECTRICAL CHARACTERISTICS 
MAXIMUM RATINGS* 

Operating Temperature Range 0°C to + ZCC 

Storage Temperature Range - 55° C to 125° C 

Positive Voltage on any Pin, 

witli respect to ground + 8.0V 

Negative Voltage on any Pin, 

with respect to ground - 0.3V 

* Stresses above those listed may cause permanent 
damage to the device. This Is a stress rating only 
and functional operation of the device at these or at 
any other condition above those indicated in the 
operational sections of this specification Is not 
implied. 

OPERATING CHARACTERISTICS (Ta = 0°Cto70°G, VcQ = +5V ± 5%, unless otherwise noted) 



NOTE: When powering this device from laboratory or 
system power supplies, it is important that the 
Absolute Maximum Ratings not be exceeded or 
device failure can result. Some power supplies 
exhibit voltage spikes or "glitches" on their outputs 
when the AC power is switched on and off. in ad- 
dition, voltage transients on the AC power line may 
appear on the DC output. If this possibility exists it is 
suggested that a clamp circuit be used. 



PARAMETER 


MIN. 


TYP. 


MAX. 


UNITS 


COMMENTS 














IKIDI IT \/ni TACir 1 Q 












Low Level V|l 






0.8 


V 




High Level V|h 


2.0 






V 




OUTPUT VOLTAGE LEVELS 












Low Level Vql 






0.4 


V 


lOL = 1-6mA 


High Level Vqh 


2.4 






V 


lOH = - 100mA 


INPUT CURRENT 












LealcageiiL 






10 


mA 


0<V|n<Vdd 


INPUT CAPACITANCE 












All inputs 






10 


PF 




POWER SUPPLY CURRENT 












Idd 






50 


mA 




A.C. CHARACTERISTICS 












Symbol 












fCY REFCLK Frequency 


0.2 




4.3 


MHz 


WD 9216-00 


fCY REFCLK Frequency 


0.2 




8.3 


MHz 


WD 9216-01 


tCKH REFCLK High Time 


50 




2500 


ns 




tCKL REFCLK Low Time 


50 




2500 


ns 




tSDON REFCLK to SEPD "ON" Delay 




100 




ns 




tSDOFF REFCLK to SEPD "OFF" Delay 




100 




ns 




tSPCK REFCLK to SEPCLK Delay 


100 






ns 




tDLL DSKD Active Low Time 


0.1 




100 


MS 




tDLH DSKD Active High Time 


0.2 




100 


MS 





REFCLK 



SEPD 



SEPCLK 



|-rfCKH»« 



tcY 



■^CKL^ 



<SDON 



\ >- ^ 



tSDOFF 



SPCK 



DSKD 




Figure 3. AC CHARACTERISTICS 
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DESCRIPTION OF PIN FUNCTIONS 



PIN 
NUMBER 


PIN NAME 


SYMBOL 


FUNCTION 


1 


Disk Data 


Uol\U 


Data input signal direct from disk drive. Con- 
tains combined clock and data waveform. 


2 


Separated Clock 


SEPCLK 


Clock signal output from the FDDS derived 
from floppy disk drive serial bit stream. 


3 


Reference Clock 


REFCLK 


Reference clock input. 


4 


Ground 


GND 


Ground. 


5,6 


Clock Divisor 


CDO, CD1 


CDO and CD1 control the Internal clock divider 
circuit. The internal clock Is a submultlple of the 
REFCLK according to the following table: 
CD1 CDO Divisor 
0 0 1 

0 1 7 

1 0 4 
1 1 8 


7 


Separated Data 


SEPD 


SEPD is the data output of the FDDS 


8 


Power Supply 


vcc 


+ 5 volt power supply 



8 



FLOPPY 
DISK 
DRIVE 



DISK DATA 



4 MHz CRYSTAL 
OSCILLATOR 



1MHz 



REFCLK 



SEPD 



DSKD 



WD9216-00, 01 

SEPCLK 



CDO CD1 

~TT~ 

GND GND 



REGENERATED DATA 



DERIVED CLOCK 



CLK 



RAW READ 
WD179X, 176X or Equlv. 
FLOPPY DISK 
CONTROLLER 

RCLK 



Figure 1. 

TYPICAL SYSTEM CONFIGURATION 
(5V4 " Drive, Double Density) 



OPERATION 

A reference clock (REFCLK) of between 2 and 8 MHz 
Is divided by the FDDS to provide an Internal clock. 
The division ratio Is selected by inputs CDO and CD1. 
The reference clock and division ratio should be 
chosen per table 1. 

The FDDS detects the leading edges 6f the disk data 
pulses and adjusts the phase of the internal clock to 
provide the SEPARATED CLOCK output. 



Separate short and long term timing correctors 
assure accurate clock separation. 

The Internal clock frequency Is nominally 16 times 
the SEPCLK frequency Depending on the internal 
timing correction, the internal clock may be a 
minimum of 12 times to a maximum of 22 times the 
SEPCLK frequency 

The reference clock (REFCLK) is divided to provide 
the internal clock according to pins CDO and CD1. 
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TABLE 1: 

CLOCK DIVIDER SELECTION TABLE 



DRIVE 

(8" or 51/4") 


DENSITY 
(DDorSD) 


REFCLK 
MHz 


CD1 


CDO 


REMARKS 


00 00 00 


DD 
SD 
SD 


8 
8 
4 


0 
0 
0 


0 

1 

0 


^ Select either one 


51/4 
51/4 


DD 
DD 


8 
4 


0 
0 


1 

0 


^ Select either one 


51/4 
51/4 
51/4 


SD 
SD 
SD 


8 
4 
2 


1 

0 
0 


0 

1 

0 


^ Select any one 



iNTCLK JTnJ-LTXriJTJlJlJTjnJTJTJ^^ 



SEPCLK 
SEPD 



1. 



always two internal clock cycles 



See page 725 for ordering infomiation. 



Figure 2. 



Information furnished by Western Digital Corporation Is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for its use; nor for any Infringements of patents or ottier rights of third parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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Printed in U.S.A 



CRT Controllers 

Part Number Page 

WD8275 263 

WD8276 287 
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WESTERIM DIGITAL 

CORPORAT / ON 

WD8275 Programmable CRT Controller 



o 

00 

ro 

■"4 
CI 



FEATURES 

• PROGRAMMABLE SCREEN AND CHARACTER 
FORMAT 

• 6 INDEPENDENT VISUAL FIELD ATTRIBUTES 

• 11 VISUAL CHARACTER ATTRIBUTES (GRAPHIC 
CAPABILITY) 

• CURSOR CONTROL (4 TYPES) 

• LIGHT PEN DETECTION AND REGISTERS 

• DUAL ROW BUFFERS 

• PROGRAMMABLE DMA BURST MODE 

• SINGLE +5V SUPPLY 

• 40-PIN PACKAGE 



GENERAL DESCRIPTION 

The WD8275 Programmable CRT Controller is a 
single chip device to Interface CRT raster scan 
displays with microcomputer systems. Its primary 
function is to refresh the display by buffering the 
information from main memory and keeping track of 
the display position of the screen. The flexibility 
designed into the WD8275 will allow simple interface 
to almost any raster scan CRT display with a mini- 
mum of external hardware and software overhead. 



LC3C 


1 


40 


3Vcc 


LC2C 


2 


39 


3lao 


LCiC 


3 


38 


3lai 


LCoC 


4 


37 


Dlten 


DRQ C 


5 


36 


Drvv 




6 


35 


3vsp 


HRTC C 


7 


34 


3gpai 


VRTC C 


8 


33 


3gpao 


RD C 


9 


32 


Dhlgt 


WR C 


^° WD8275 


31 


□ IRQ 


LPEN C 


11 


30 


□ CCLK 


DBoC 


12 


29 


Dcce 


DBiC 


13 


28 


3CC5 


DB2C 


U 


27 


3CC4 


DB3C 


15 


26 


□ CC3 


DB4C 


16 


25 


DCC2 


DB5C 


17 


24 


3cci 


DBqC 


18 


23 


Dcco 


DB7C 


19 


22 


DCS 


gndC 


20 


21 


3ao 



DBo-7 <Z) 



DATA 
BUS 
BUFFER 



DRQ 
DACK 
IRQ 

RD 
WR 
Ao - 



READ/ 
WRITE/ 
DMA 
CONTROL 
LOGIC 



CHARACTER 
COUNTER 



^(22_80_x 8_ _ 

ROW buffers' 



BUFFER 
INPUT 
CONTROL 
LER 



■CCLK 



BUFFER 
OUTPUT 
CONTROL 
LER 

7> 



(2)16x7 
"FIFOs 



cco-e 



LINE 
COUNTER 



ROW 
COUNTER 



RASTER TIMING 

AND 
VIDEO CONTROL 







i 




LIGHT PEN 






REGISTERS 





LCo-3 



LAo-i 

HRTC 

VRTC 

HLGT 

RVV 

LTEN 

VSP 

GPA0.I 



LPEN 



Figure 1. PIN CONFIGURATION 



Figure 2. BLOCK DIAGRAM 
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TABLE 1. PIN DESCRIPTIONS 



PIN 
NO. 


TYPE 


PIN NAME 


SYMBOL 


FUNCTION 


1 
2 
3 
4 


0 


LINE COUNT 


LC3 
LC2 
LC1 
LCo 


Output from the line counter which is used to 
address the character generator for the line 
positions on the screen. 


5 


0 


DMA REQUEST 


DRQ 


Output signal to the DMA controller 
requesting a DMA cycle. 


6 


1 


DMA ACKNOWLEDGE 


DACK 


Input signal from the DMA controller 
acknowledging that the requested DMA cycle 
has been granted. 


7 


0 


HORIZONTAL 
RETRACE 


HRTC 


Output signal which is active during the 
programmed horizontal retrace interval. During 
this period the VSP output is high and the 
LTEN output is low. 


8 


0 


VERTICAL RETRACE 


VRTC 


Output signal which is active during the 
programmed vertical retrace interval. During 
this period the VSP output is high and the 

1 TPM 01 itni it iQ ln\A/ 


9 


1 


READ INPUT 


RD 


A control signal to read registers. 


10 


1 


WRITE INPUT 


WR 


A control signal to write commands into the 
control registers or write data into the row 
buffers during a DMA cycle. 


11 


1 


LIGHT PEN 


LPEN 


Input signal from the CRT system signifying 
that a light pen signal has been detected. 


12 
13 
14 
15 
16 
17 
18 

1 \7 


I/O 


BIDIRECTIONAL 
THREE-STATE DATA 
BUS LINES 


DBo 
DB1 
DB2 
DB3 
DB4 
DB5 
DB6 
DB7 


The outputs are enabled during a read of the C 
or P ports. 


on 
ex) 




vj nvju IN u 


oiounu 




21 


1 


PORT ADDRESS 


AO 


A high input on Ao selects the "C" port or 
command registers and a low input selects the 
"P" port or parameter registers. 


22 


1 


CHIP SELECT 


CS 


The read and write are enabled by CS. 


23 
24 
25 
26 

28 
29 


0 


CHARACTER CODES 


CCq 
CCi 
CC2 
CC3 

CC5 

CC6 


Output from the row buffers used for character 
selection in the character generator. 


30 


1 


CHARACTER CLOCK 


CCLK 


From dot/timing logic. 


31 


0 


INTERRUPT REQUEST 


IRQ 


Interrupt request. 


32 


0 


HIGHLIGHT 


HLGT 


Output signal used to intensify the display at 
particular positions on the screen as specified 
by the character attribute codes or field at- 
tribute codes. 
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TABLE 1. PIN DESCRIPTIONS (Continued) 



PIN 
NO. 


TYPE 


PIN NAME 


SYMBOL 


FUNCTION 


33 
34 


0 


GENERAL PURPOSE 
ATTRIBUTE CODES 


GPAi 
GPAo 


Outputs which are enabled by the general 
purpose field attribute codes. 


35 


0 


VIDEO SUPPRESSION 


VSP 


Output signal used to blank the video signal to 
the CRT. This output is active: 
—during the horizontal and vertical retrace 
intervals. 

—at the top and bottom lines of rows if un- 
derline is programmed to be number 8 or 
greater. 

—when an end of row or end of screen code is 
detected. 

— when a DMA underrun occurs. 

—at regular intervals (1/16 frame frequency for 
cursor, 1/32 frame frequency for character 
and field attributes) — to create blinking 
displays as specified by cursor, character 
attribute, or field attribute programming. 


36 


0 


REVERSE VIDEO 


RVV 


Output signal used to indicate the CRT circuitry 
to reverse the video signal. This output is active 
at the cursor position if a reverse video block 
cursor is programmed or at the positions 
specified by the field attribute codes. 


37 


0 


LIGHT ENABLE 


LTEN 


Output signal used to enable the video signal to 
the CRT. This output is active at the 
programmed underline cursor position, and at 
positions specified by attribute codes. 


38 
39 


0 


LINE ATTRIBUTE 
CODES 


LAo 
LAi 


These attribute codes have to be decoded 
externally by the dot/timing logic to generate 
the horizontal and vertical line combinations for 
the graphic displays specified by the character 
attribute codes. 


40 




+ 5V POWER SUPPLY 


vcc 


+ 5V power supply. 



FUNCTIONAL DESCRIPTION 
Data Bus Buffer 

This 3-state, bidirectional, 8-blt buffer is used to 
Interface the WD8275 to the system Data Bus. 

This functional block accepts Inputs from the Sys- 
tem Control Bus and generates control signals for 
overall device operation. It contains the Command, 
Parameter, and Status Registers that store the 
various control formats for the device functional 
definition. 



Ao 


OPERATION 


REGISTER 


0 


Read 


PREG 


0 


Write 


PREG 


1 


Read 


SREG 


1 


Write 


CREG 



RD(READ) 

A "low" on this input informs the WD8275 that the 



CPU Is reading data or status information from the 
WD8275. 

WR (WRITE) 

A "low" on this input informs the WD8275 that the 
CPU is writing data or control words to the WD8275. 

CS(CHIP SELECT) 

A "low" on this input selects the WD8275. No reading 
or writing will occur unless the device is selected. 
When CS is high, the Data Bus in the float state and 
RD and WR will have no effect on the chip. 

DRQ(DMA REQUEST) 

A "high" on this output Informs the DMA Controller 
that the WD8275 desires a DMA transfer. 

DACK (DMA ACKNOWLEDGE) 

A "low" on this input informs the WD8275 that a DMA 
cycle Is in progress. 
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IRQ (INTERRUPT REQUEST) 

A "high" on this output informs the CPU that the 
WD8275 desires interrupt sen^ice. 
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Figure 3. 

WD8275 BLOCK DIAGRAM SHOWING DATA BUS 
BUFFER AND READ/WRITE FUNCTIONS 
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Character Counter 

The Character Counter is a programmable counter 
that is used to determine the number of characters to 
be displayed per row and the length of the horizontal 
retrace interval. It is driven by the CCLK (Character 
Clock) Input, which should be a derivative of the 
external dot clock. 



Line Counter 

The Line Counter is a programmable counter that is 
used to determine the number of horizontal lines 
(Sweeps) per character row. Its outputs are used to 
address the external character generator ROM. 



Row Counter 

The Row Counter is a programmable counter that is 
used to determine the number of character rows to 
be displayed per frame and length of the vertical 
retrace inten/al. 



Light Pen Registers 

The Light Pen Registers are two registers that store 
the contents of the character counter and the row 
counter whenever there Is a rising edge on the LPEN 
(Light Pen) input. 

NOTE: 

Software correction is required. 
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Figure 4. 

WD8275 BLOCK DIAGRAM SHOWING COUNTER 
AND REGISTER FUNCTIONS 
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Raster Timing and Video Controis 

The Raster Timing circuitry controis tlie timing of tlie 
HRTC (Horizontal Retrace) and VRTC (Vertical 
Retrace) outputs. Tlie Video Control circuitry controls 
the generation of LAo-1 (Line Attribute), HGLT 
(Highlight), RVV (Reverse Video), LTEN (Light Enable), 
VSP (Video Suppress), and GPAq.^ (General Purpose 
Attribute) outputs. 

Row Buffers 

The Row Buffers are two 80-character buffers. They 
are filled from the microcomputer system memory 
with the character codes to be displayed. While one 
row buffer is displaying a row of characters, the other 
is being filled with the next row of characters. 

FIFOs 

There are two 16 character FIFOs in the WID8275. 
They are used to provide extra row buffer length In 
the Transparent Attribute Mode (see Detailed Oper- 
ation section). 



Buffer Input/Output Controiiers 

The Buffer Input/output Controllers decode the <; 
characters being placed in the row buffers. If the ^ 
character is a character attribute, field attribute or § 
special code, these controllers control the ap- lo 
propriate action. (Examples: An "End of Screen-Stop 
DMA" special code will cause the Buffer Input 
Controller to stop further DMA requests. A 
"Highlight" field attribute will cause the Buffer 
Output Controller to activate the HGLT output.) 

SYSTEM OPERATION 

The WD8275 is programmable to a large number of 
different display formats. It provides raster timing, 
display row buffering, visual attribute decoding, 
cursor timing, and light pen detection. 

It is designed to Interface with a DMA Controller and 
standard character generator ROMs for dot matrix 
decoding. Dot level timing must be provided by 
extemal circuitry. 
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Figure 5. WD8275 SYSTEMS BLOCK DIAGRAM SHOWING SYSTEMS OPERATION 



267 



GENERAL SYSTEMS OPERATIONAL 
DESCRIPTION 

< The WD8275 provides a "window" into the 
§ microcomputer system memory. 

^ Display characters are retrieved from memory and 
oi displayed on a row-by-row basis. The WD8275 has 
two row buffers. While one row buffer is being used 
for display, the other is being filled with the next row 
of characters to be displayed. The number of display 
characters per row and the number of character rows 
per frame are software programmable, providing easy 
Interface to most CRT displays. (See Programming 
Section.) 

The WD8275 requests DMA to fill the row buffer that 
is not being used for display. DiVIA burst length 
and spacing is programmable. (See Programming 
Section.) 

The WD8275 displays character rows one line at a 
time. 

The number of lines per character row, the underline 
position, and blanking of top and bottom lines are 
programmable. (See Programming Section.) 



The WD8275 provides SfDecial Control Codes which 
can be used to minimize DMA or software overhead. 
It also provides Visual Attribute Codes to cause 
special action or symbols on ^he screen without the 
use of the character generator (see Visual Attributes 
Section). 

The WD8275 also controls raster timing. This is done 
by generating Horizontal Retrace (HRTC) and Vertical 
Retrace (VRTC) signals. The timing of these signals 
is programmable. 

The WD8275 can generate a cursor. Cursor location 
and format are progrsimmabte. (See Programming 
Section.) 

The WD8275 has a light pen input and registers. The 
light pen input is used to load the registers. Light pen 
registers can be read on command. (See Program- 
ming Section.) 
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Figure 6. DISPLAY OF A CHARACTER ROW 
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DISPLAY ROW BUFFERING 

Before the start of a frame, the WD8275 requests 
DMA and one row buffer is filled with characters. 
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Figure 7. 
FIRST ROW BUFFER FILLED 

When the first horizontal sweep is started, character 
codes are output to the character generator from the 
row buffer just filled. Simultaneously, DMA begins 
filling the other row buffer with the next row of 
characters. 
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After all the lines of the character row are scanned, 
the roles of the two row buffers are reversed and the 
same procedure Is followed for the next row. 
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Figure 9. 

FIRST BUFFER FILLED WITH THIRD ROW, 
SECOND ROW DISPLAYED 

This is repeated until all of the character rows are 
displayed. 

DISPLAY FORMAT 

Screen Format 

The WD8275 can be programmed to generate from 1 
to 80 characters per row, and from 1 to 64 rows per 
frame. 




Figure 8. 

SECOND BUFFER FILLED, FIRST ROW DISPLAYED 



Figure 10. 
SCREEN FORIVIAT 
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The WD8275 can also be programmed to blank 
alternate rows. In this mode, the first row Is dis- 
played, the second blanked, the third displayed, etc. 
DMA Is not requested for the blanked rows. 




Figure 11. 
BLANK ALTERNATE ROWS (MODE 
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Figure 12. 
EXAIMPLE OF A 16-LINE FORMAT 



Row Format 

The WD8275 Is designed to hold the line count stable 
while outputting the appropriate character codes 
during each horizontal sweep. The line count Is in- 
cremented during horizontal retrace and the whole 
row of character codes are output again during the 
next sweep. This is continued until the entire charac- 
ter row Is displayed. 

The number of lines (horizontal sweeps) per charac- 
ter row is programmable from 1 to 16. 

The output of the line counter can be programmed to 
be In one of two modes. 
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Figure 13. 
EXAMPLE OF A 10-LINE FORMAT 



in mode 0, the output of the line counter is the same 
as the line number. 

In mode 1, the line counter Is offset by one from the 
line number. 



NOTE: 

In mode 1, while the first line (line number 0) is being 
displayed, the last count Is output by the line counter 
(see examples). 



Mode 0 is useful for character generators that leave 
address zero blank and start at address 1. Mode 1 is 
useful for character generators which start at ad- 
dress zero. 

Underline placement is also programmable (from line 
number 0 to 15). This is independent of the line 
counter mode. 

If the line number of the underline is greater than 7 
(line number MSB = 1), then the top and bottom 
lines will be blanked. 
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Figure 14. 
UNDERLINE IN LINE NUMBER 10 



If the line number of the underline is less than or 
equal to 7 (line number MSB = 0), then the top and 
bottom lines will not be blanl<ed. 
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Figure 16. 

TYPICAL DOT LEVEL BLOCK DIAGRAM 

Dot width is a function of dot clock frequency. 

Character width is a function of the character gen- 
erator width. 

Horizontal character spacing Is a function of the shift 
register length. 

NOTE: 

Video control and timing signals must be syn- 
chronized with the video signal due to the character 
generator access delay. 
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Figure 15. 
UNDERLINE IN LINE NUMBER 7 



if the line number of the underline is greater than the 
maximum number of lines, the underline will not 
appear. 

Blanking is accomplished by the VSP (Video Sup- 
pression) signal. Underline is accomplished by the 
LTEN (Light Enable) signal. 



Dot Format 

Dot width and character width are dependent upon 
the external timing and control circuitry. 

Dot level timing circuitry should be designed to 
accept the parallel output of the character generator 
and shift it out serially at the rate required by the CRT 
display. 



RASTER TIMING 

The character counter is driven by the character 
clock input (CCLK). It counts out the characters 
being displayed (programmable from 1 to 80). It then 
causes the line counter to Increment, and it starts 
counting out the horizontal retrace interval (program- 
mable from 2 to 32). This Is constantly repeated. 




Figure 17. 
LINE TIMING 

The line counter is driven by the character counter. It 
is used to generate the line address outputs (LCo-3) 
for the character generator. After it counts all of the 
lines in a character row (programmable from 1 to 16), 
it increments the row counter, and starts over again. 
(See Character Format Section for detailed descrip- 
tion of Line Counter functions.) 
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The row counter is an internal counter driven by the 
line counter. It controls the functions of the row 
buffers and counts the number of character rows 
displayed. 
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Figure 18. 
ROW TIMING 



After the row counter counts all of the rows in a 
frame (programmable from 1 to 64), it starts counting 
out the vertical retrace interval (programmable from 1 
to 4). 
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Figure 19. 
FRAME TIMING 



The Video Suppression Output (VSP) is active during 
horizontal and vertical retrace intervals. 

Dot level timing circuitry must synchronize these 
outputs with the video signal to the CRT Display. 



the burst counter. No more DMA requests will occur 
until the beginning of the next row. At that time, DMA 
requests are activated as programmed until the other 
buffer is filled. 

The first DMA request for a row will start at the first 
character clock of the preceding row. If the burst 
mode is used, the first DMA request may occur a 
number of character clocks later. This number is 
equal to the programmed burst space. 

If, for any reason, there is a DMA underrun, a flag in 
the status word will be set. 
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Figure 20. DMA TIMING 

The DMA controller is typically initialized for the next 
frame at the end of the current frame. 

INTERRUPT TIMING 

The WD8275 can be programmed to generate an 
interrupt request at the end of each frame. This can 
be used to reinitialize the DMA controller. If the 
WD8275 interrupt enable flag is set, an interrupt 
request will occur at the beginning of the last display 
row. 

IRQ will go inactive after the status register is read. 



DMA TIMING 

The WD8275 can be programmed to request burst 
DMA transfers of 1 to 8 characters. The interval 
between bursts is also programmable (from 0 to 55 
character clock periods ± 1). This allows the user to 
tailor his DMA overhead to fit his system needs. 

The first DMA request of the frame occurs one row 
time before the end of vertical retrace. DMA requests 
continue as programmed, until the row buffer is 
filled. If the row buffer is filled in the middle of a 
burst, the WD8275 terminates the burst and resets 



A reset command will also cause IRQ to go inactive, 
but this is not recommended during normal service. 

Another method of reinitializing the DMA controller 
is to have the DMA controller Itself Interrupt on 
terminal count. With this method, the WD8275 in- 
terrupt enable flag should not be set. 

NOTE: 

Upon power-up, the WD8275 Interrupt Enable Flag 
may be set. As a result, the user's cold start routine 
should write a reset command to the WD8275 before 
system interrupts are enabled. 
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Figure 21. 

BEGINNING OF INTERRUPT REQUEST 




the character generator with 7 bits of address. The 
Most Significant Bit is the extra bit and it is 
used to determine if it is a normai dispiay character 
(MSB = 0), or if it is a Visual Attribute or Special 
Code (MSB = 1). 

There are two types of Visual Attribute Codes. They 
are Character Attributes and Field Attributes. 

Character Attribute Codes 

Character attribute codes are codes that can be used 
to generate graphics symbols without the use of a 
character generator. This is accomplished by selec- 
tively activating the Line Attribute outputs (LAq-i), 
the Video Suppression output (VSP), and the Light 
Enable output. The dot level timing circuitry can use 
these signals to generate the proper symbols. 

Character attributes can be programmed to blink or 
be highlighted individually. Blinl<ing is accomplished 
with the Video Suppression output (VSP). Blinl< fre- 
quency is equal to the screen refresh frequency 
divided by 32. Highlighting is accomplished by ac- 
tivating the Highlight output (HGLT). 



Character Attributes 



Figure 22. 
END OF INTERRUPT REQUEST 

VISUAL ATTRIBUTES AND SPECIAL CODES 

The characters processed by the WD8275 are 8- 
bit quantities. The character code outputs provide 
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Figure 23. TYPICAL CHARACTER ATTRIBUTE LOGIC 
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TABLE 2. CHARACTER ATTRIBUTES 

Character attributes were designed to produce the following graphics: 



CHARACTER ATTRIBUTE 


OUTPUTS 








CODE"CCCC" 


LAi 


LAo 


VSP 


LTEN 


SYMBOL 


DESCRIPTION 




Ahn\/p 1 Inriprlinp 

r^UsJWXS \Jt Ivlwl III Iw 


0 


0 


1 


0 









0000 


1 JnHprlinp 

wl IVIwI III Iw 


1 












Top Left Comer 


0 


0 


0 








Rplnw Underline 

UwiV^VV \Jl lUwl III Iw 


0 


1 


0 


0 






















Ahrtv/P 1 InHprlinp 

AMJtJVw \Jl lUwl III Iw 


0 


0 


1 


0 


< 


.* 




0001 


Undsriine 


1 


1 


0 


0 






Top Right Comer 








Boiow Und©rline 


0 


1 


0 


0 






















Ahnvp Undprlinp 

^^wwVw wl IVJwl III Iw 




1 














0 


0 


0 








0010 


UnderliriG 


1 


0 


0 


0 






Bottonn Left Corner 








Below Underline 


0 


0 


1 


0 




















AhiDVP 1 InrtprtinP 

rAUwVw 1.^1 IVJwl III Iw 




1 












0 


0 


0 






0011 


Underline 


1 


1 


0 


0 


Bottom Right Corner 




Below Underline 


0 


0 


1 


0 








MUUVtS KJl lUwl ill It? 






1 












0 


0 


0 








0100 


Llnriprllnp 

Wl IVIwI III Iw 


0 


0 


0 


1 






Top Intersect 












RpIow Undpfline 

UwlwVV Wl lUwl III IW 


0 


1 


0 


0 










AKrw/p i InHprlinp 

AMJv/V w \J 1 lUwl 1 1 1 Iw 


0 


1 


0 


0 














0101 


1 JnHprllnp 

KJt Ivlwl III iw 


1 


1 


0 


0 






Right Intersect 




RpIow IJndprtinp 

Uwl\^VV wl lUwi III Iw 


0 


1 


0 


0 










Ahnvp Undprlinp 

mh/wVw \i^i lUwi III Iw 




1 












0 


0 


0 








0110 


Undprlinp 

\Ji lUwl III Iw 


1 


u 


0 


0 




h 


Left Intersect 




Below Underline 


0 


1 


0 


0 










Above Underline 


0 


1 


0 


0 








0111 


Undedine 


0 


0 


0 


•4 

1 






Bottom Intersect 






Below Undedine 


0 


0 


1 


0 




















Above Underline 


0 


0 


1 


0 












1000 


Underline 


u 


0 


0 


1 




Horizontal Line 








BpIow Underline 

VWIV/VV Wl lUwl 1 II Iw 


0 


0 


1 


0 






















AKoup 1 InHprlinp 
nL/UVt? wl lUwi ill iCr 




1 




0 








0 


0 








1001 


Undprlinp 

wl iUwi ill Iw 


0 


1 


0 


0 






Vertical Line 




Rplrtw 1 InHprlinp 

wwlwW ^IIUwIllllw 


0 


1 


0 


0 


















AKrtv/p 1 InHprlinp 

r\U(JVC ^ilLlwlllilC/ 


0 


1 


0 


0 














if^in 


1 InHprlinp 
wl lUwi 1 II Iw 


0 


0 


0 


1 


- 




Crossed Lines 








RplrwA/ 1 InHprlinp 
Dt^lwW UIIUwIilllC? 


0 


1 


0 


0 




















Al%mfa 1 InHoHino 
MDUVc UI1U6llint? 


0 


0 


0 


0 














inii 

lull 


1 InHprlinp 
KJl lUwl ill IV 


0 


0 


0 


0 






Not Recommended* 




Rplr^VA/ 1 InHprlinp 

DwI^W \JIIUwMlllw 


0 


0 


0 


0 










AK^v/o 1 InHprlinp 


0 


0 


1 


0 














iinn 

1 IVAJ 


1 InHorlinp 
UliUt/lllllt* 


0 


0 


1 


0 






Special Codes 




RplrtvA/ 1 InHprlinp 

DOlk.;W wl lUwl Ml Iw 


0 


0 


1 


0 






















Above Undedine 
















1101 


Underline 




Undefined 








Illegal 




Below Underline 


















Above Undedine 
















1110 


Undedine 




Undefined 








Illegal 




Below Undedine 


















Above Undedine 
















1111 


Undedine 




Undefined 








Illegal 




Below Undedine 




1 
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* Character Attribute Code 1011 is not recommended 
for normal operation. Since none of the attribute 
outputs are active, the character Generator will not 
be disabled, and an indeterminate character will be 
generated. 

Character Attribute Codes 1101, 1110, and 1111 are 

illegal. 

Blinking is active when B = 1. 
Highlight is active when H = 1. 



Special Codes 

Four special codes are available to help reduce 
memory, software, or DMA overhead. 

SPECIAL CONTROL CHARACTER 



MSB 


LSB 


1111 


0 0 S S 




1— Special Control Code 


s s 


FUNCTION 


0 0 


End of Row 


0 1 


End of Row-Stop DMA 


1 0 


End of Screen 


1 1 


End of Screen-Stop DMA 



The End of Row Code (GO) activates VSP and holds it 
to the end of the line. 

The End of Row-Stop DMA Code (01) causes the 
DMA Control Logic to stop DMA for the rest of the 
row when it is written into the Row Buffer. It affects 
the display in the same way as the End of Row Code 

(00). 

The End of Screen Code (10) activates VSP and holds 
it to the end of the frame. 

The End of Screen-Stop DMA Code (11) causes the 
DMA Control Logic to stop DMA for the rest of the 
frame when it is written into the Row Buffer. It affects 
the display in the same way as the End of Screen 
Code (10). 

If the Stop DMA feature is not used, all characters 
after an End of Row character are ignored, except for 
the End of Screen character, which operates nor- 
mally All characters after an End of Screen character 
are Ignored. 



NOTE: 

If a Stop DMA character is not the last character In a 
burst or row, DMA is not stopped until after the next 
character is read. In this situation, a dummy 
character must be placed in memory after the Stop 
DMA character. 



Field Attributes 

The field attributes are control codes which affect ^ 
the visual characteristics for a field of characters, ^ 
starting at the character following the code up to, and § 
Including, the character which precedes the next lO 
field attribute code, or up to the end of the frame. The yij 
field attributes are reset during the vertical retrace 
Interval. 

There are six field attributes: 

1. Blink — Characters following the code are 
caused to blinl< by activating the Video Sup- 
pression output (VSP). The blinl< frequency is 
equal to the screen refresh frequency divided by 
32. 

2. Highlight — Characters following the code are 
caused to be highlighted by activating the 
Highlight output (HGLT). 

3. Reverse Video — Characters following the code 
are caused to appear with reverse video by 
activating the Reverse Video output (RW). 

4. Underline — Characters following the code are 
caused to be underlined by activating the Light 
Enable output (LTEN). 

5,6. General Purpose — There are two additional 
WD8275 outputs which act as general purpose, 
independently programmable field attributes. 
GPAo-i are active high outputs. 



FIELD ATTRIBUTE CODE 

MSB LSB 
1 O U R G G B H 

I I ' — Highlight 

I Blink 

' General Purpose 

I Reverse Video 

' Underline 

H = 1 for highlighting 

B = 1 for blinking 

R = 1 for reverse video 

U = 1 for underline 

GG = GPAi, GPAo 



NOTE: 

More than one attribute can be enabled at the 
same time. If the blinking and reverse video at- 
tributes are enabled simultaneously, only the 
reversed characters will blink. 

The WD8275 can be programmed to provide visible 
or Invisible field attribute characters. 

If the WD8275 is programmed in the visible field 
attribute mode, all field attributes will occupy a 
position on the screen. They will appear as blanks 
caused by activation of the Video Suppression 
output (VSP). The chosen visual attributes are 
activated after this blanked character. 
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o 

00 




Figure 24. 

EXAMPLE OF A VISIBLE FIELD ATTRIBUTE 
MODE (UNDERLINE ATTRIBUTE) 



If the WD8275 is programmed in the invisible field 
attribute mode, the WD8275 FIFO is activated. 
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DRQ ■ 
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CONTROL 
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BOW BUFFERS 



LJltH 
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LER 
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Figure 25. 

BLOCK DIAGRAM SHOWING FIFO ACTIVATION 



Each row buffer has a corresponding FIFO. These 
FIFOs are 16 characters by 7 bits in size. 

When a field attribute is placed in the row buffer 
during DMA, the buffer input controller recognizes it 
and places the next character in the proper FIFO. 

When a field attribute is placed in the Buffer Output 
Controller during display, it causes the controller to 
immediately put a character from the FIFO on the 
Character Code outputs {CCo-6)- The chosen Visual 
Attributes are also activated. 



Since the FIFO is 16 characters long, no more than 16 
field attribute characters may be used per line in this 
mode. If more are used, a bit in the status word is set 
and the first characters in the FIFO are writteri over 
and lost. 

NOTE: 

Since the FIFO is 7 bits wide, the IVISB of any 
characters put in it are stripped off. Therefore, a 
Visual Attribute or Special Code must not im- 
mediately follow a field attribute code. If this 
situation does occur, the Visual Attribute or Special 
Code will be treated as a normal display character. 




Figure 26. 

EXAMPLE OF THE INVISIBLE FIELD ATTRIBUTE 
MODE (UNDERLINE ATTRIBUTE) 



Field and Cliaracter Attribute Interaction 

Character Attribute Symbols are affected by the 
Reverse Video (RVV) and General Purpose (GPAq-i) 
field attributes. They are not affected by Underline, 
Blink or Highlight field attributes; however, these 
characteristics can be programmed individually for 
Character Attribute Symbols. 



Cursor Timing 

The cursor location is determined by a cursor row 
register and a character position register which are 
loaded by command to the controller. The cursor can 
be programmed to appear on the display as: 

1. a blinking underline 

2. a blinking reverse video block 

3. a non-blinking underline 

4. a non-blinking reverse video block 

The cursor blinking frequency is equal to the screen 
refresh frequency divided by 16. 

If a non-blinking reverse video cursor appears in a 
non-blinking reverse video field, the cursor will ap- 
pear as a normal video block. 

If a non-blinking underline cursor appears in a non- 
blinking underline field, the cursor will not be visible. 
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Light Pen Detection 

A light pen consists of a micro switcli and a tiny llglit 
sensor. Wlien tlie liglit pen is pressed against the 
CRT screen, the micro switch enables the light 
sensor. When the raster sweep reaches the light 
sensor, it triggers the light pen output. 

If the output of the light pen is presented to the 
WD8275 LPEN input, the row and character position 
coordinates are stored in a pair of registers. These 
registers can be read on command. A bit in the status 
word is set, indicating that the light pen signal was 
detected. The LPEN Input must be a 0 to 1 transition 
for proper operation. 

NOTE: 

Due to internal and external delays, the character 
position coordinate will be off by at least three 
character positions. This has to be corrected in 
software. 



Device Programming 

The WD8275 has two programming registers, the 
Command Register (CREG) and the Parameter 
Register (PREG). it also has a Status Register (SREG). 
The Command Register can only be written into and 
the Status Registers can only be read from. They are 
addressed as follows: 



Ao 


OPERATION 


REGISTER 


0 


Read 


PREG 


0 


Write 


PREG 


1 


Read 


SREG 


1 


Write 


CREG 



cn 

The WD8275 expects to receive a command and 
a sequence of 0 to 4 parameters, depending on 
the command. If the proper number of parameter 
bytes are not received before another command is 
given, a status flag is set, indicating an improper 
command. 

INSTRUCTION SET 

The WP8275 instruction set consists of 8 commands. 



COMMAND 


NO. OF PARAMETER BYTES 


Reset 


4 


Start Display 


0 


Stop Display 


0 


Read Light Pen 


2 


Load Cursor 


2 


Enable Interrupt 


0 


Disable interrupt 


0 


Preset Counters 


0 



in addition, the status of the WD8275 (SREG) can be 
read by the CPU at any time. 



I. Reset Command 





OPERATION 


C/P 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Write 


1 


Reset Command 


00000000 




Write 


0 


Screen Comp Byte 1 


SHHHHHHH 


Parameters 


Write 


0 


Screen Comp Byte 2 


VVRRRRRR 


Write 


0 


Screen Comp Byte 3 


UUUULLLL 




Write 


0 


Screen Comp Byte 4 


MFCCZZZZ 



Action 

After the reset commapd is written, DMA requests 
stop, WD8275 interrupts are disabled, and the VSP 
output is used to blank the screen. HRTC and VRTC 
continue to run. HRTC and VRTC timing are random 
on power-up. 

As parameters are written, the screen composition is 
defined. 

Parameter— S Spaced Rows 



Parameter— HHHHHHH Horizontal Characters/Row 



s 


FUNCTIONS 


0 

1 


Normal Rows 
Spaced Rows 



HHHHHHH 


NO. OF CHARACTERS 
PER ROW 


0 0 0 0 0 0 0 


1 


0 0 0 0 0 0 1 


2 


0 0 0 0 0 1 0 


3 


10 0 1111 


80 


1 0 1 0 0 0 0 


Undefined 


1111111 


Undefined 
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Parameter— W Vertical Retrace Row Count 



Parameter— M Line Counter Mode 



V 


V 


NO. OF ROW COUNTS PER VRTC 


0 


0 


1 


0 


1 


2 


1 


0 


3 


1 


1 


4 



Parameter— RRRRRR Vertical Rows/Frame 



R 


R 


R 


R 


R 


R 


NO. OF ROWS/FRAME 


0 


0 


0 


0 


0 


0 


1 


0 


0 


0 


0 


0 


1 


2 


0 


0 


0 


0 


1 


0 


3 


1 


1 


1 


1 


1 


1 


64 



Parameter— UUUU Underline Placement 



u u 


U U 


LINE NO. OF UNDERLINE 


0 0 


0 0 


1 


0 0 


0 1 


2 


0 0 


1 0 


3 


1 1 ' 


1 1 


16 


Parameter- 


-LLLL 






Number of Lines per Character Row 


L L 


L L 


NO. OF LINES/ROW 


0 0 


0 0 


1 


0 0 


0 1 


2 


0 0 


1 0 


3 


1 1 ' 


1 1 


16 



M 


LINE COUNTER MODE 


0 
1 


Mode 0 (Non-Offset) 
Mode 1 (Offset by 1 Count) 


Parameter— F Field Attribute iVIode 


F 


FIELD ATTRIBUTE MODE 


0 
1 


Transparent 
Non-Transparent 


Parameter— CC Cursor Format 


C C 


CURSOR FORMAT 


0 0 

0 1 

1 0 

1 1 


Blinking reverse video biock 
Blinking underline 
Non-blinking reverse video block 
Non-blinking underline 



Parameter— ZZZZ Horizontal Retrace Count 



z 


z 


z 


z 


NO. OF CHARACTER COUNTS 
PER HRTC 


0 


0 


0 


0 


2 


0 


0 


0 


1 


4 


0 


0 


1 


0 


6 


1 


1 


1 


1 


32 



NOTE: 

UUUU MSB determines blanking of top and bottom 
lines (1 = blanked, 0 = not blanked). 



2. Start Display Command 





OPERATION 


AO 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Write 


1 


Start Display 


0 0 1 S S S B B 


No parameters 









SSS Burst Space Code 



BB Burst Count Code 



s 


s 


s 


NO. OF CHARACTER CLOCKS 
BETWEEN DMA REQUESTS 


0 


0 


0 


0 


0 


0 


1 


7 


0 


1 


0 


15 


0 


1 


1 


23 


1 


0 


0 


31 


1 


0 


1 


39 


1 


1 


0 


47 


1 


1 


1 


55 



B B 


NO. OF DMA CYCLES PER 
BURST 


0 0 


1 


0 1 


2 


1 0 


4 


1 1 


8 


Action 



Wbi3275 intenrupts are enabled, DMA requests begin, 
video is enabled, Interrupt Enable and Video Enable 
Status flags are set. 
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3. Stop Display Command 





OPERATION 


Ao 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Write 


1 


Start Display 


0 1 0 0 0 0 0 0 


No parameters 









Action 



Disables video, interrupts remain enabled, HRTC and 
VRTC continue to run, Vidqo Enable status flag is 
reset, and the "Start Display" command must be 
given to re-enable the display. 



4. Read LIglit Pen Command 











DATA BUS 




OPERATION 


Ao 


DESCRIPTION 


MSB LSB 


Command 


Write 


1 


Read Light Pen 


0 1 1 0 0 0 0 0 


Parameters 


Read 


0 


Char. Number 


(Char, Position in Row) 


Read 


0 


Row Number 


(Row Number) 



Action 



The WD8275 is conditioned to supply the contents of 
the light pen position registers in the next two read 
cycles of the parameter register. Status flags are not 
affected. 

NOTE: 

Software correction of light pen position is required. 



5. Load Cursor Position 











DATA BUS 




OPERATION 


Ao 


DESCRIPTION 


MSB LSB 


Command 


Write 


1 


Load Cursor 


1 0 0 0 0 0 0 0 


Parameters 


Write 


0 


Char. Number 


(Char. Position in Row) 


Write 


0 


Row Number 


(Row Number) 



Action 



The WD8275 is conditioned to place the next two 
parameter bytes into the cursor position registers. 
Status flags not affected. 



6. Enable Interrupt Command 





OPERATION 


Ao 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Write 


1 


Enable Interrupt 


1 0 1 0 0 0 0 0 


No parameters 









Action 

The interrupt enable flag is set and interrupts are 

enabled. 



7. Disable Interrupt Command 





OPERATION 


Ao 


DESCRIPTION 


DATA BUS 

MSB LSB 


Command 


Write 


1 


Disable Interrupt 


1 1 0 0 0 0 0 0 


No parameters 









Action 

Interrupts are disabled and the interrupt enable 
status flag is reset. 
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8. Preset Counters Command 





OPERATION 


AO 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Write 


1 


Preset Counters 


1 1 1 0 0 0 0 0 


No parameters 









o 

00 
to 

cn 



Action 

The internal timing counters are preset, cor- 
responding to a screen display position at the top ieft 
corner. Two character cloclts are required for this 
operation. The counters wiii remain in this state untii 
any other command is given. 

STATUS FLAGS 



This command is useful for system debug and 
synchronization of clustered CRT displays on a 
single CPU. 





OPERATION 


AO 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Read 


1 


Status Word 


0 IE IR LP IC VE OU FO 



IE —(Interrupt Enable) Set or reset by command. It 
enables vertical retrace interrupt. It is 
automatically set by a "Start Display" com- 
mand and reset with the "Reset" command. 

IR — (Intemjpt Request) This flag is set at the 
beginning of display of the last row of the 
frame if the interrupt enable flag is set. It is 
reset after a status read operation. 

LP —This flag is set when the light pen Input 
(LPEN) is activated and the light pen 
registers have been loaded. This flag is 
automatically reset after a status read. 

IC —(improper Command) This flag is set when a 
command parameter string is too long or too 



short. The flag is automatically reset after a 
status read. 

VE —(Video Enable) This flag indicates that video 
operation of the CRT is enabled. This flag is 
set on a "Start Display" command, and reset 
on a "Stop Display" or "Reset" command. 

DU —(DMA underrun) This flag is set whenever a 
data underrun occurs during DMA transfers. 
Upon detection of DU, the DMA operation is 
stopped and the screen is blanl<ed until after 
the vertical retrace interval. This flag is reset 
after a status read. 

FO —(FIFO Overrun) This flag is set whenever the 
FIFO is overrun. It is reset on a status read. 



SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°Cto70''C 

Storage Temperature -SS^Cto -hISCC 

Voltage On Any Pin 

With Respect to Ground - 0.5V to + 7V 

Power Dissipation 1 Watt 



* NOTICE: 

Stresses above those listed under "Absolute Max- 
imum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional 
operation of the device at these or any other con- 
ditions above those indicated in the operational 
sections of this specification is not implied. 



DC Characteristics (Ta = 0°Cto70°C; VpC = 5V ±5%) 



SYMBOL 


PARAMETER 


MiN 


MAX 


UNITS 


TEST CONDITIONS 


VlL 


Input Low Voltage 


-0.5 


0.8 


V 




ViH 


Input High Voltage 


2.0 


Vcc 


V 










-fO.SV 






VOL 


Output Low Voltage 




0.45 


V 


lOL = 2.2 mA 


VOH 


Output High Voltage 


2.4 




V 


lOH = -400mA 


l|L 


Input Load Current 




±10 


mA 


V|N = VcctoOV 


'OFL 


Output Float Leal^age 




±10 




VOUT = VcctoOV 


Ice 


Vcc Supply Current 




160 


mA 
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Capacitance (Ta = 25°C; Vqc = GND = OV) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNITS 


TEST CONDITIONS 


C|N 


Input Capacitance 




10 


PF 


fC = 1 MHz 


C|/0 


I/O Capacitance 




20 


PF 


Unnneasured pins returned to 












vss- 



AC Characteristics (Ta = OXtoyOX; Vcc = 5.0V ±5%; GND = OV) 



BUS PARAMETERS 



Read Cycle 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNITS 


TEST CONDITIONS 


tAR 


Address Stable Before 










READ 


0 




ns 




tRA 


Address Hold Time for 










READ 


0 




ns 




tRR 


READ Pulse Widtli 


250 




ns 




tRD 


Data Delay from READ 




200 


ns 


Cl = 150pF 


tDF 


READ to Data Floating 


20 


100 


ns 


Cl min. = 20 pF; Cl max. = 












150 pF 


Write Cycle 


SYMBOL 


PARAMETER 


MIN 


MAX 


UNITS 


TEST CONDITIONS 


tAW 


Address Stable Before 










WRITE 


0 




ns 




tWA 


Address Hold Time for 










WRITE 


0 




ns 




tww 


WRITE Pulse Width 


250 




ns 




tow 


Data Setup Time for 












WRITE 


150 




ns 




tWD 


Data Hold Time for 












WRITE 


0 




ns 





Clock Timing 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNITS 


TEST CONDITIONS 


tCLK 


Clock Period 


480 




ns 




tKH 


Clock High 


240 




ns 




tKL 


Clock Low 


160 




ns 




tKR 


Clock Rise 


5 


30 


ns 




tKF 


Clock Fall 


5 


30 


ns 





Other Timing 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNITS 


TEST CONDITIONS 


tec 


Character Code Output 














Delay 




150 


ns 


cl 




50 pF 


tHR 


Horizontal Retrace 














Output Delay 




200 


ns 


Cl 




50 pF 


tLC 


Line Count Output Delay 




400 


ns 


Cl 




50 pF 


tAT 


Control/Attribute Output 














Delay 




275 


ns 


Cl 




50 pF 


tVR 


Vertical Retrace Output 














Delay 




275 


ns 


Cl 




50 pF 


tRI 


INTI from RDt 




250 


ns 


Cl 




50 pF 


tWQ 


DRQt from WRt 




250 


ns 


Cl 




50 pF 


tRQ 


DRQ^ from WRI 




200 


ns 


Cl 




50 pF 


tLR 


DACKI to WR4 


0 




ns 








tRL 


WRt to DACKt 


0 




ns 








tPR 


LPEN Rise 




50 


ns 








tPH 


LPEN Hold 


100 




ns 
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AC Testing Input, Output Wave Form 



AC Testing Load Circuit 




^ TEST POINTS <^ 



0.45 




AC TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 
0.45V FOR A LOGIC "0" TIMING MEASUREMENTS ARE MADE AT 
2.2V FOR A LOGIC "1" AND 0.8V FOR A LOGIC "0." 
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* CCLK IS A MULTIPLE OF THE DOT CLOCK AND AN INPUT TO THE 8275. 
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WAVEFORMS (Continued) 
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WAVEFORMS (Continued) 
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WAVEFORMS (Continued) 
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See page 725 for ordering information. 
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FEATURES 

• PROGRAMMABLE SCREEN AND CHARACTER 
FORMAT 

• 6 INDEPENDENT VISUAL FIELD ATTRIBUTES 

• CURSOR CONTROL (4 TYPES) 

• DUAL ROW BUFFERS 

• SINGLE +5V SUPPLY 

• 40-PIN PACKAGE 



GENERAL DESCRIPTION 

The WD8276 Small System CRT Controller is a single 
chip device intended to interface CRT raster scan 
displays with Intel microcomputers In minimum 
device-count systems. Its primary function Is to re- 
fresh the display by buffering character infonnation 
from main memory and l<eeping tracl< of the display 
position of the screen. The flexibility designed into 
the WD8276 will allow simple interface to almost any 
raster scan CRT display with a minimum system IC 
count 
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FlflUrel. PIN CONFIGURATION 
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TABLE 1. PIN DESCRIPTIONS 



PIN 










NO. 


TYPE 


PIN NAME 


SYMBOL 


FUNCTION 


1 


0 


LINE COUNT 


LC3 


Output from the line counter which is used to 


2 






LC2 


address the character generator for the line 


3 






LC1 


positions on the screen. 


4 






LUQ 




5 


0 


BUFFER READY 


BRDY 


Output signal indicating that a Row Buffer is 
ready for loading of character data. 


6 


1 


BUFFER SELECT 


BS 


input signal enabling WR for character data into 
the Row Buffers. 


7 


0 


HORIZONTAL 
RETRACE 


HRTC 


Output signal which is active during the pro- 
grammed horizontal retrace interval. During this 
period the VSP output is high and the LTEN 
output is low. 
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0 


VERTICAL RETRACE 


VRTC 


Output signal which is active during the pro- 
grammed vertical retrace interval. During this 
period the VSP output is high and the LTEN 
output is low. 
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A control signal to write commands Into the 
control registers or write data into the row 
buffers. 
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during a read of the C or P ports. 
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Ground 
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PORT ADDRESS 


C/P 


A high input on this pin selects the "C" port or 
command registers and a low input selects the 
"P" port or parameter registers. 
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CHIP SELECT 


CS 


Enables RD of status or WR of command or 
parameters. 


£.0 
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selection in the character generator. 
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INTERRUPT OUTPUT 
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interrupt output. 
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HIGHLIGHT 
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Output signal used to intensify the display at / 
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by the field attribute codes. 
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Outputs which are enabled by the aenemi 
purpose field attribute codes. ^ / 



TABLE 1. PIN DESCRIPTIONS 



PIN 
NO. 


TYPE 


PIN NAME 


SYMBOL 


FUNCTION 


35 


0 


VIDEO SUPPRESSION 


VSP 


Output signal used to blank the video signal to 
the CRT. This output Is active: 
—during the horizontal and vertical retrace 
intervals. 

—at the top and bottom lines of rows if un- 
derline is programmed to be number 8 or 
greater. 

—when an end of row or end of screen code is 

—when a Row Buffer underrun occurs. 

—at regular intervals (1/16 frame frequency for 
cursor, 1/32 frame frequency for attributes) — 
to create blinl^ing displays as specified by 
cursor or field attribute programming. 


36 


0 


REVERSE VIDEO 


RVV 


Output signal used to activate the CRT circuitry 
to reverse the video signal. This output is active 
at the cursor position if a reverse video bioci< 
cursor Is programmed or at the positions 
specified by the field attribute codes. 


37 


0 


LIGHT ENABLE 


LTEN 


Output signal used to enable the video signal to 
the CRT. This output Is active at the pro- 
grammed underline cursor position, and at 
positions specified by attribute codes. 


38 




NO CONNECTION 


NC 


No connection. 


39 




NO CONNECTION 


NO 


No connection. 


40 




+ 5V POWER SUPPLY 


vcc 


+ 5V power supply. 



FUNCTIONAL DESCRIPTION 
Data Bus Buffer 

This 3-state, bidirectional, 8-blt buffer is used to 
interface the WD8276 to the system Data Bus. 

This functional blocl< accepts inputs from the Sys- 
tem Control Bus and generates control signals for 
overall device operation. It contains the Command, 
Parameter, and Status Registers that store the 
various control formats for the device functional 
definition. 
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STATUS 
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RD(READ) 

A "low" on this input infomis the WD8276 that the 
CPU Is reading status Information from the WD8276. 



WR (WRITE) 

A "low" on this input informs the WD8276 that the 
CPU is writing data or control words to the WD8276. 



CS (CHIP SELECT) 

AJllow" on this input selects the WD8276 for RD or 
WR of Commands, Status, and Parameters. 

BRDY(BUFFER READY) 

A "high" on this output indicates that the WD8276 is 
ready to receive character data 

BS (BUFFER SELECT) 

A "low" on this input enables WR of character data to 
the WD8276 row buffers. 

INT (INTERRUPT) 

A "high" on this output informs the CPU that the 
WD8276 needs interrupt sen/ice. 
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Character Counter 

The Character Counter is a programmable counter 
that is used to determine the number of characters 
to be displayed per row and the length of the 
horizontal retrace interval. It is driven by the CCLK 
(Character Clock) input, which should be derived 
from the external dot clock. 

Line Counter 

The Line Counter is a programmable counter that is 
used to determine the number of horizontal lines 
(Raster Scans) per character row. Its outputs are 
used to address the external character generator. 

Row Counter 

The Row Counter Is a programmable counter that 
is used to detemnlne the number of character rows 



to be displayed per frame and length of the vertical 
retrace inten/al. 

Raster Timing and Video Controls 

The Raster Timing circuitry controls me ximing oT 

the HRTC (Horizontal Retrace) and VRTC (Vertical 
Retrace) outputs. The Video Control circuitry 
controls the generation of HGLT (Highlight), RVV 
(Reverse Video), LTEN (Light Enable), VSP (Video 
Suppress), and GPAq-i (General Purpose Attribute) 
outputs. 

Row Buffers 

The Row Buffers are two 80-character buffers. They 
are filled from the microcomputer system memory 
with the character codes to be displayed. While 
one row buffer is displaying a row of characters, 
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Figure 3. CRT SYSTEIVI BLOCK DIAGRAM 
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the other is being fiiied with the next row of 
characters. 

Buffer InpuVOutput Controller 

The Buffer Input/Output Controllers decode the 
characters being placed in the row buffers, if the 
character Is a field attribute or special code, they 
control the appropriate action. (Example: A "High- 
light" field attribute will cause the Buffer Output 
Controller to activate the HGLT output.) 

SYSTEM OPERATION 

The WD8276 is programmable to a large number of 
different display formats. It provides raster timing, 
display row buffering, visual attribute decoding and 
cursor timing. 

it Is designed to interface with standard character 
generators for dot matrix decoding. Dot level timing 
must be provided by external circuitry. 

GENERAL SYSTEMS OPERATIONAL 
DESCRIPTION 

Display characters are retrieved from memory and 
displayed on a row-by-row basis. The WD8276 has 
two row buffers. While one row buffer Is being 
used for display, the other Is being fiiled with the 



next row of characters to t>e displayed. The number 
of display characters per row and the number of 
character rows per frame are software program- 
mable, providing easy interface to most CRT 
displays. (See Programming Section.) 

The WD8276 uses BRDY to request character data 
to fill the row buffer that is not being used for 
display. 

The WD8276 displays character rows one scan line 
at a time. The number of scan lines per character 
row, the underline position, and bianl<lng of top and 
bottom lines are programmable. (See Programming 
Section.) 

The WD8276 provides special Control Codes which 
can be used to minimize overhiead. It also provides 
Visual Attribute Codes to cause special action on 
the screen without the use of the character 
generator. (See Visual Attributes Section.) 

The WD8276 also controls raster timing. This is 
done by generating Horizontal Retrace (HRTC) and 
Vertical Retrace (VRTQ signals. The timing of these 
signals is also programmable. 

The WD8276 can generate a cursor. Cursor location 
and format are programmable. (See Programming 
Section.) 
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Figure 4. DISPLAY OF A CHARACTER ROW 
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DISPLAY ROW BUFFERING 

Before the start of a frame, the WD8276 uses BRDY 
and OS to fill one row buffer with characters. 

When the first horizontal sweep is started, character 
codes are output to the character generator from the 
row buffer just filled. Simultaneously, the other row 
buffer Is filled with the next row of characters. 

After all the lines of the character row are scanned, 
the buffers are swapped and the same procedure is 
f ol lowed for the next row. 

This process is repeated until all of the character 
rows are displayed. 

Row Buffering allows the CPU access to the display 
memory at al| times except during Buffer Loading 
(about 25%). This compares favorably to alternative 
approaches which restrict CPU access to the display 
memory to occur only during horizontal and vertical 
retrace inten^als (80% of the bus time is used to 
refresh the display.) 
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Figure 5. FIRST ROW BUFFER FILLED 
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Figure 6. 
SECOND ROW BUFFER FILLED, 
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Figure 7. 

FIRST ROW BUFFER FILLED WITH 
THIRD ROW, SECOND ROW DISPLAYED 



DISPLAY FORMAT 
Screen Format 

The WD8276 can be programmed to generate from 1 
to 80 characters per row, and from 1 to 64 rows per 
frame. 




Figure 8. 
SCREEN FORMAT 

The WD8276 can also be proarammpri f.^ hu ^ 
alternate rows. In this mode Kr^foJ. /c w 
played, the second blanked iL Z J:- ^IS- 
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Figure 9. 

BLANK ALTERNATE ROWS IMODE 



Row Format 

The WD8276 is designed to hoid ttie iine count stable 
whiie outputting the appropriate cliaracter codes 
during each horizontal sweep. The line count is in- 
cremented during horizontal retrace and the whole 
row of character codes are output again during the 
next sweep. This is continued until the entire 
character row is displayed. 

The number of lines (horizontal sweeps) per charac- 
ter row is programmable from 1 to 16. 

The output of the line counter can be programmed to 
be In one of two modes. 

In mode 0, the output of the line counter Is the same 
as the Iine/7t7mder. 
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In mode 1, thie line counter is offset by one from the 
line number. 

NOTE: 

In mode 1, while the first line (line number 0) is being 
displayed, the last count is output by the line counter 
(see examples). 



















Line 


Line 


Line 
















Counter 


Counter 


Number 
















IVlodeO 


IVIodel 


0 


□ 


□ 


□ 




□ 


□ 


□ 


0 0 0 0 


10 0 1 


1 


□ 


□ 


□ 


■ 


□ 


□ 


□ 


0 0 0 1 


0 0 0 0 


2 


a 


□ 


■ 


□ 


■ 




□ 


0 0 10 


0 0 0 1 


3 


□ 


■ 


□ 


□ 


□ 


■ 


□ 


0 0 11 


0 0 10 


4 


□ 


■ 


□ 


□ 


□ 


■ 


□ 


0 10 0 


0 0 11 


5 


□ 












□ 


0 10 1 


0 10 0 


6 


D 


■ 


□ 


□ 


□ 


■ 


□ 


0 110 


0 10 1 


7 


□ 


■ 


□ 


□ 


□ 


■ 


□ 


0 111 


0 110 


8 


□ 


a 


a 


□ 


□ 


□ 


□ 


10 0 0 


0 111 


9 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


10 0 1 


10 0 0 



Figure 11. 
EXAIVIPLE OF A 10-LiNE FORIVIAT 

Mode 0 Is useful for character generators that leave 
address zero blank and start at address 1. Mode 1 is 
useful for character generators which start at ad- 
dress zero. 

Underline placement is also programmable (from line 
number 0 to 15). This is independent of the line 
counter mode. 

If the line number of the underline is greater than 7 
(line number MSB = 1), then the top and bottom 
lines will be blanked. 
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Lines are Blanked 









Figure 10. 
BCAMPLE OF A 16-LINE FORMAT 



Figure 12. 
UNDERLINE IN LINE NUMBER 10 

If the line number of the underline is less than or 
equal to 7 (line number MSB = 0), then the top and 
bottom lines will not be blanked. 
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Line 


Line 


Line 




Counter 


Counter 


Number 




IModeO 


l\/lode1 


0 


□ □□□□□□ 


0 0 0 0 


0 111 


1 




0 0 0 1 


0 0 0 0 


2 




0 0 10 


0 0 0 1 


3 




0 0 11 


0 0 10 


4 




0 10 0 


0 0 11 


5 




0 10 1 


0 10 0 


6 




0 110 


0 10 1 


7 


■ ■■■■■■ 

Top and Bottom 


0 111 


0 110 


Lines are not Blanked 







Figure 13. 
UNDERLINE IN LINE NUMBER 7 

If the line number of the underline is greater than the 
maximum number of lines, the underline will not 
appear. 

Blanking is accomplished by the VSP (Video Sup- 
pression) signal. Underline is accomplished by the 
LTEN (Light Enable) signal. 

Dot Format 

Dot width and character width are dependent upon 
the external timing and control circuitry. 

Dot level timing circuitry should be designed to 
accept the parallel output of the character generator 
and shift it out serially at the rate required by the CRT 
display. 




DOT 
CLOCK 



SHIFT 
REGISTER 



SYNCHRONIZER 



RASTER TIIVIING 

The character counter is driven by the character 
clock input (CCLK). It counts out the characters 
being displayed (programmable from 1 to 80). It then 
causes the line counter to increment, and it starts 
counting out the horizontal retrace interval (program- 
mable from 2 to 32). This process is constantly 
repeated. 



Figure 14. 

TYPiCAL DOT LEVEL BLOCK DIAGRAIM 

Dot width Is a function of dot clock frequency. 

Character width is a function of the character gen- 
erator width. 

Horizontal character spacing Is a function of the shift 
register length. 

NOTE: 

Video control and timing signals must be syn- 
chronized with the video signal due to the character 
generator access delay. 



CCLK 



HRTC 



LCo-3 




Figure 15. 
LINE TilMING 



The line counter is driven by the character counter. It 
is used to generate the line address outputs (LC0-3) 
for the character generator. After it counts all of the 
lines in a character row (programmable from 1 to 16), 
it increments the row counter, and starts over again. 
(See Character Format Section for detailed descrip- 
tion of Line Counter functions.) 

The row counter is an internal counter driven by the 
line counter. It controls the functions of the row 
buffers and counts the number of character rows 
displayed. 



ONE CHARACTER ROW 



HRTC 



LC0.3 



INTERNAL 
ROW COUNTER 




PRESENT ROW 
<,'r 



NEXT ROW 



PROGRAMMABLE 1 TO 16 
LINE COUNTS 



Figure 16. 
ROW TIIVIiNG 
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After the row counter counts ail of the rows in a 
franne (programmable from 1 to 64), it starts counting 
out the vertical retrace interval (programmable from 1 
to 4). 



ONE FRAME 



INTERNAL 
ROW COUNTER 




FIRST 
DISPLAY 
ROW 



LAST 
DISPLAY 
ROW 



VRTC 



FIRST LAST 

RETRACE RETRACE 

ROW ROW 
4i- 



PROGRAMMABLE PROGRAMMABLE 
1 TO 64 ROW COUNTS 1 TO 4 ROW COUNTS 



Figure 17. 
FRAME TIMING 

The Video Suppression Output (VSP) is active during 
horizontal and vertical retrace intervals. 

Dot level timing circuitry must synchronize these 
outputs with the video signal to the CRT Display. 

INTERRUPT TIMING 

The WD8276 can be programmed to generate an 
interrupt request at the end of each frame. If the 
WD8276 interrupt enable flag is set, an interrupt 
request will occur at the beginning of the last dispiay 
row. 



INTERNAL 
ROW 
COUNTER 



y^K^ ^ y yr- 

_A A^,_A )\ A A__ 



LAST FIRST 
DISPLAY RETRACE 
ROW ROW 



/ 



Figure 18. 
BEGINNING OF INTERRUPT 

INT will go inactive after the status register Is read. 



Figure 19. 
END OF INTERRUPT 




A reset command will also cause INT to go inactive, 
but this is not recommended during normal service. 

NOTE: 

Upon power-up, the WD8276 Interrupt Enable Flag 
may be set. As a result, the user's cold start routine 
should write a reset command to the WD8276 before 
system inten^upts are enabled. 

VISUAL ATTRIBUTES 
AND SPECIAL CODES 

The characters processed by the WD8276 are 8- 
bit quantities. The character code outputs provide 
the character generator with 7 bits of address. The 
Most Significant Bit is the extra bit and it is 
used to determine if it is a normal display character 
(MSB = 0), or if it is a Field Attribute or Special Code 
(MSB = 1). 

Special Codes 

Four special codes are available to help reduce bus 
usage. 

SPECIAL CONTROL CHARACTER 
MSB LSB 
1111 0 0 S S 



Special Control Code 



S s 


FUNCTION 


0 0 

0 1 

1 0 

1 1 


End of Row 

End of Row-Stop Buffer Loading 
End of Screen 

End of Screen-Stop Buffer Loading 



The End of Row Code (00) activates VSP and holds it 
to the end of the line. 

The End of Row-Stop Buffer Loading (BRDY) Code 
(01) causes the Buffer Loading Control Logic to stop 
buffer loading for the rest of the row upon being 
written into the Row Buffer. It affects the display In 
the same way as the End of Row Code (00). 

The End of Screen Code (10) activates VSP and holds 
it to the end of the frame. 

The End of Screen-Stop Buffer Loading (BRDY) Code 
(11) causes the Row Buffer Control Logic to stop 
buffer loading for the rest of the frame upon being 
written. It affects the display in the same way as the 
End of Screen Code (10). 

If the Stop Buffer Loading feature is not used, all 
characters after an End of Row character are ignored, 
except for the End of Screen character, which 
operates normally. All characters after an End of 
Screen character are ignored. 

NOTE: 

If a Stop Buffer Loading is not the last character in a 
row, Buffer Loading is not stopped until after the next 
character Is read, in this situation, a dummy 
character must be placed in memory after the Stop 

Buffer Loading character. 



a 

00 

to 
a» 
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Field Attributes 

The field attributes are control codes which affect 
the visual characteristics for a field of characters, 
starting at the character following the code up to, and 
including, the character which precedes the next 
field attribute code, or up to the end of the frame. The 
field attributes are reset during the vertical retrace 
interval. 

The WD8276 can be programmed to provide visible 
field attribute characters; all field attribute codes will 
occupy a position on the screen. These codes will 
appear as blanks caused by activation of the Video 
Suppression output (VSP). The chosen visual at- 
tributes are activated after this blanked character. 



There are six field attributes: 

1. Blink — Characters following the code are 
caused to blink by activating the Video Sup- 
pression output (VSP). The blink frequency Is 
equal to the screen refresh frequency divided by 
32. 

2. Highlight — Characters following the code are 
caused to be highlighted by activating the 
Highlight output (HGLT). 

3. Reverse Video — Characters following the code 
are caused to appear with reverse video by 
activating the Reverse Video output (RVV). 

4. Underline — Characters following the code are 
caused to be underlined by activating the Light 
Enable output (LTEN). 

5,6. General Purpose — There are two additional 
WD8276 outputs which act as general purpose, 
independently programmable field attributes. 
GPAq-i are active high outputs. 



ABODE 



F G H I J K L M 



NOPQRSTUV 



1 2 3 4 5 



6 7 8 9 



Figure 20. 

EXAMPLE OF A VISIBLE FIELD ATTRIBUTE 
(UNDERLINE ATTRIBUTE) 



FIELD ATTRIBUTE CODE 

MSB 



1 



LSB 

O U R G G B H 



■Highlight 
■Blink 

■General Purpose 
■ Reverse Video 
■Underline 



H = 1 for highlighting 
B = 1 for blinking 
R = 1 for reverse video 
U = 1 for underline 
GG = GPAi, GPAo 

NOTE: 

More than one attribute can be enabled at the 
same time. If the blinking and reverse video at- 
tributes are enabled simultaneously, only the 
reversed characters will blink. 

Cursor Timing 

The cursor location is determined by a cursor row 
register and a character position register which are 
loaded by command to the controller. The cursor 
can be programmed to appear on the display as: 

1. a blinking underline 

2. a blinking reverse video block 

3. a non-blinking underline 

4. a non-blinking reverse video block 

The cursor blinking frequency is equal to the 
screen refresh frequency divided by 16. 

If a non-blinking reverse video cursor appears in a 
non-blinking reverse video field, the cursor will 
appear as a normal video block. 

If a non-blinking underline cursor appears in a non- 
blinking underline field, the cursor will not be 
visible. 

Device Programming 

The WD8276 has two programming registers, the 
Command Register and the Parameter Register. It 
also has a Status Register. The Command Register 
can only be written into and the Status Register 
can only be read from. They are addressed as 
follows: 



C/P 


OPERATION 


REGISTER 


0 


Read 


Reserved 


0 


Write 


Parameter 


1 


Read 


Status 


1 


Write 


Command 



The WD8276 expects to receive a command and 
a sequence of 0 to 4 parameters, depending on 
the command. If the proper number of parameter 
bytes are not received before another command is 
given, a status flag Is set, Indicating an improper 
command. 
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INSTRUCTION SET 


COMMAND 


NO. OF PARAMETER BYTES 


The WD8276 instruction set consists of 7 commands. 


Reset 


4 




Start Dispiay 


0 


in addition, the status of the WD8276 can be read by 


Stop Dispiay 


0 


the CPU at any time. 


Load Cursor 


2 




Enable Interrupt 


0 




Disable Interrupt 


0 




Preset Counters 


0 



1. Reset Command 





OPERATION 


C/P 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 
Parameters 


Write 


1 


Reset Command 


00000000 


Write 


0 


Screen Comp Byte 1 


SHHHHHHH 


Write 


0 


Screen Comp Byte 2 


VVRRRRRR 


Write 


0 


Screen Comp Byte 3 


UUUULLLL 


Write 


0 


Screen Comp Byte 4 


M 1 C C Z Z Z Z 



a 

00 

to 



Action 

After the reset command is written, BRDY goes 
inactive, WD8276 interrupts are disabled, and the 
VSR output is used to bianl< the screen. HRTC and 
VRTC continue to run. HRTC and VRTC timing are 
random on power-up. 

As parameters are written, the screen composition is 
defined. 

Parameter— S Spaced Rows 



s 


FUNCTIONS 


0 

1 


Normal Rows 
Spaced Rows 



Parameter— HHHHHHH Horizontal Characters/Row 



H H H H H H H 


NO. OF CHARACTERS 
PER ROW 


0 0 0 0 0 0 0 


1 


0 0 0 0 0 0 1 


2 


0 0 0 0 0 1 0 


3 


10 0 1111 


80 


1 0 1 0 0 0 0 


Undefined 


1111111 


Undefined 



Parameter— W Vertical Retrace Row Count 



V 


V 


NO. OF ROW COUNTS PER VRTC 


0 


0 


1 


0 


1 


2 


1 


0 


3 


1 


1 


4 



Parameter— RRRRRR Vertical Rows/Frame 



R 


R 


R 


R 


R 


R 


NO. OF ROWS/FRAME 


0 


0 


0 


0 


0 


0 


1 


0 


0 


0 


0 


0 


1 


2 


0 


0 


0 


0 


1 


0 


3 


1 


1 


1 


1 


1 


1 


64 



Parameter— UUUU Underiine Placement 



U u 


u u 


LINE NO. OF UNDERLINE 


0 0 


0 0 


1 


0 0 


0 1 


2 


0 0 


1 0 


3 


1 1 


1 1 


16 


Parameter- 


-LLLL 






Number of Lines per Character Row 


L L 


L L 


NO. OF LINES/ROW 


0 0 


0 0 


1 


0 0 


0 1 


2 


0 0 


1 0 


3 


1 1 


1 1 


16 



Parameter— M Line Counter Mode 



M 


LINE COUNTER MODE 


0 
1 


Mode 0 (Non-Offset) 
Mode 1 (Offset by 1 Count) 



297 



Parameter— CC Cursor Format 



Parameter— ZZZZ Horizontal Retrace Count 



O 

CO 
to 



c 


c 


CURSOR FORMAT 


0 


0 


Blinking reverse video block 


0 


1 


Blinking underline 


1 


0 


Non-blinking reverse video block 


1 


1 


Non-blinking underline 



NOTE: 

uuuu MSB determines blanking of top and bottom 
lines (1 = blanked, 0 = not blanked). 



z 


z 


z 


z 


NO. OF CHARACTER COUNTS 
PER HRTC 


0 


0 


0 


0 


2 


0 


0 


0 


1 


4 


0 


0 


1 


0 


6 


1 


1 


1 


1 


32 



2. Start Display Command 





OPERATION 


C/P 


DESCRiPTiON 


DATA BUS 
iMSB LSB 


Command 


Write 


1 


Start Display 


0 0 1 0 0 0 0 0 


No parameters 









Action 

WD8276 interrupts are enabled, BRDY goes active, 
video is enabled, Interrupt Enable and Video Enable 
status flags are set. 



3. Stop Display Command 





OPERATION 


C/P 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Write 


1 


Start Display 


0 1 0 0 0 0 0 0 


No parameters 









Action 



Disables video, interrupts remain enabled, HRTC and 
VRTC continue to run. Video Enable status flag is 
reset, and the "Start Display" command must be 
given to reenable the display. 



4. Load Cursor Position 











DATA BUS 




OPERATION 


C/P 


DESCRIPTION 


MSB LSB 


Command 


Write 


1 


Load Cursor 


1 0 0 0 0 0 0 0 


Parameters 


Write 


0 


Char. Number 


(Char. Position in Row) 


Write 


0 


Row Number 


(Row Number) 



Action 



The WD8276 Is conditioned to place the next two 
parameter bytes into the cursor position registers. 
Status flag not affected. 



5. Enable Interrupt Command 





OPERATION 


C/P 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Write 


1 


Enable Interrupt 


1 0 1 0 0 0 0 0 


No parameters 









Action 



The interrupt enable flag Is set and Interrupts are 
enabled. 
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6. Disable InteiTupt Command 





OPERATION 


C/P 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Write 


1 


Disable interrupt 


1 1 0 0 0 0 0 0 


No parameters 









s 

ro 



Action 

Inteniipts are disabled and the inten-upt enable 
status flag Is reset. 

7. Preset Counters Command 





OPERATION 


C/P 


DESCRIPTION 


DATA BUS 
IMSB LSB 


Command 


Write 


1 


Preset Counters 


1 1 1 0 0 0 0 0 


No parameters 









Action 

Tlie internal timing counters are preset, cor- 
responding to a screen display position at the top left 
corner. Two character clocks are required for this 
operation. The counters will remain in this state until 
any other command Is given. 

STATUS FIAQS 



This command is useful for system debug and 
synchronization of clustered CRT displays on a 
single CPU. 





OPERATION 


C/P 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Read 


1 


Status Word 


0 IE IR X IC VE BU X 



IE — (Intemjpt Enable) Set or reset by command. It 
enables vertical retrace Intemipt. It is 
automatically set by a "Start Display" com- 
mand and reset with the "Reset" command. 

IR — (intenxipt Request) This flag is set at the 
beginning of display of the last row of the 
frame if the interrupt enable flag is set. It is 
reset after a status read operation. 

iC —(Improper Command) This flag is set when a 
command parameter string is too iong or too 
short. The flag is automatically reset after a 
status read. 

SPECIFICATIONS 

ABSOLUTE MAXiMUIVI RATINGS* 

Ambient Temperature Under Bias O^CtoTO'C 

Storage Temperature -BS-Cto -i-150°C 

Voltage On Any Pin 

With Respect to Ground - 0.5V to -f- 7V 

Power Dissipation IWatt 

DC Characteristics (Ta = 0"C to 70°C; Vqc = 5V ±5%) 



VE —(Video Enable) This flag Indicates that video 
operation of the CRT Is enabled. This flag Is 
set on a "Start Display" command, and reset 
on a "Stop Display" or "Reset" command. 

BU —(Buffer Underrun) This flag is set whenever a 
Row Buffer is not filled with character data in 
time for a buffer swap required by the display. 
Upon activation of this bit, buffer loading 
ceases, and the screen is blanked until after 
the vertical retrace Interval. 



* NOTICE: 

Stresses above those listed under "Absolute Max- 
imum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional 
operation of the device at these or any other con- 
ditions above those indicated in the operational 
sections of this specification is not implied. 



SYMBOL 


PARAMETER 


MiN 


MAX 


UNITS 


TEST CONDITIONS 


ViL 


input Low Voltage 


-0.5 


0.8 


V 




V|H 


Input High Voltage 


2.0 


Vcc 


V 










-f-0.5V 






VOL 


Output Low Voltage 




0.45 


V 


lOL = 2.2 mA 


VOH 


Output High Voltage 


2.4 




V 


lOH = -400/uA 


i|L 


Input Load Cunrent 




±10 


mA 


V|N = VcctoOV 


lOFL 


Output Float Leakage 




±10 




VOUT = Vcc to 0.45V 


Ice 


Vcc Supply Current 




160 


mA 
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Capacitance (Ta = 25°C;Vcc = GND = OV) 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNITS 


TEST CONDITIONS 


C|N 


Input Capacitance 




10 


PF 


fC = 1 MHz 


C|/0 


I/O Capacitance 




20 


PF 


Unmeasured pins returned to Vss. 



^ AC Cliaracteristics (Ta = O'C to 70^0, Vqc = 5.0V ± 5%; GND = OV) 
BUS PARAMETERS (Note 1) 



Read Cycle 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNITS 


TEST CONDITIONS 


tAR 


Address Stable Before 










READ 


0 




ns 




tRA 


Address Hold Time for 










READ 


0 




ns 




tRR 


READ Pulse Width 


250 




ns 




tRD 


Data Delay from READ 




200 


ns 


Cl = 150pF 


tDF 


READ to Data Floating 


20 


100 


ns 



Write Cycle 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNITS 


TEST CONDITIONS 


tAW 


Address Stable Before 










WRITE 


0 




ns 




tWA 


Address Hold Time for 










WRITE 


0 




ns 




tww 


WRITE Pulse Width 


250 




ns 




tow 


Data Setup Time for 












WRITE 


150 




ns 




tWD 


Data Hold Time for 










WRITE 


0 




ns 




Clock Timing 


SYMBOL 


PARAMETER 


MIN 


MAX 


UNITS 


TEST CONDITIONS 


tCLK 


Clock Period 


480 




ns 




tKH 


Clock High 


240 




ns 




tKL 


Clock Low 


160 




ns 




tKR 


Clock Rise 


5 


30 


ns 




tKF 


Clock Fall 


5 


30 


ns 





NOTE 1: AC timings measured at VoH = 2.0, VqL = 0.3, V|H = 2.4 V|l = 0.45. 



Other Timing 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNITS 


TEST CONDITIONS 


tec 


Character Code Output 












Delay 




150 


ns 


Cl = 50 pF 


tHR 


Horizontal Retrace 












Output Delay 




200 


ns 


Cl = 50 pF 


tLC 


Line Count Output Delay 




400 


ns 


Cl = 50 pF 


tAT 


Control/Attribute Output 












Delay 




275 


ns 


Cl = 50 pF 


tVR 


Vertical Retrace Output 












Delay 




275 


ns 


Cl = 50 pF 


tRI 


INTl from RDt 




250 


ns 


Cl = 50 pF 


two 


BRDYt from WRt 




250 


ns 


Cl = 50 pF 


tRQ 


BRDYI from WRI 




200 


ns 


Cl = 50 pF 


tLR 


BSi to wr; 


0 




ns 


tRL 


WRt to BSt 


0 




ns 
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WAVEFORMS 

Typical Dot Level Timing 



EXT DOT CLK 



CCLK* 



jiruimiJwmmriJWLJim 
1 



cco-e 



FIRST CHARACTER CODE 



X 



SECOND CHARACTER CODE 



■ROM ACCESS- 



CHARACTER 
GENERATOR 
OUTPUT 



ATTRIBUTES 
& CONTROLS 



DC 



FIRST CHARACTER 



X 



SECOND CHARACTER 



ATTRIBUTES & CONTROLS 
FOR FIRST CHAR. 



SHIFT REGISTER SETUP 



X 



xz 



VIDEO 
(FROM SHIFT 
REGISTER) 



ATTRIBUTES 
& CONTROLS 
(FROM 
SYNCHRONIZER) 



DpOOOOOOOOOOOC 



V 

FIRST CHARACTER 



ATTRIBUTES & CONTROLS 
FOR FIRST CHAR. 



^ 

SECOND CHARACTER 



ATTRIBUTES & CONTROLS 
FOR SECOND CHAR. 



* CCLK IS A MULTIPLE OF THE DOT CLOCK AND AN INPUT TO THE 8276. 



Line Timing 



CCLK 



cco-e 



to^h^ ^CC 



HRTC 



LC0.3 



VIDEO 
CONTROLS 
AND ATTRIBUTES* 



PROGRAMMABLE FROM 1 TO 80 CHARACTERS . 

'tHR 











\/ LAST 
Y RETRACE 
A CHAR, 




tHR-» 





. PROGRAMMABLE FROM 2 TO 32 
CCLKS 
—J J- 



^ 



PRESENT LINE COUNT 



■tLC 



NEXT LINE COUNT 



•tAT 



_ y y tV— y Y 

r\ A A A A. 



VSP, LTEN, HGLT, RVV, GPAq-i 
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Row Timing 



CCLK 



HRTC 



LC0.3 



INTERNAL ^— 

ROW LAST ROW 
COUNTER 



LAST LINE 
COUNT 



X 



-tHR 



■tLC 



PROGRAMMABLE FROM 1 TO 16 LINES • 

a 



PRESENT ROW 



X 



NEXT ROW 



Frame Timing 



CCLK 



INTERNAL ■ 
ROW 
COUNTER . 



X DISPLAY Y DISPLAY Y AD 

A Rpyv A ROW A— ^f-A 



, LAST 
DISPLAY 
OW 



VRTC 



— tvR tVR-* 
-PROGRAMMABLE FROM 1 TO 64 ROWS 



YretraceY YretraceY 
A ROW A A RQW /V 



programmable FROM 

1T04R0WS 
H 



Interrupt Timing 



CCLK 









last retrace 
character 


V FIRST retrace 
character 








1 



C/P 



cs 



X 

/ 



FIRST LINE COUNT 



HRTC 



INTERNAL 
ROW 
COUNTER 



INT 



RD 



V 



Mri* 



INT 



LAST DISPLAY ROW 



■t|R 



J' 
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Timing for Buffer Loading 




Write Timing 



BS,C/P CS INVALID 



VALID 



X 



WR 



tww 



dbq.; 



»WA 



1.7 INVALID VALID ^ INVALID 



two 



Read Timing 



C/P,C5 



VALID 



•ar 



-tRR- 



<RD 



r^n 7777777777777777 

°^o-7 Whigh impedances 

f/iiiiinninit 



X 



-tRA 



/ f f ittllll 



Clock Timing 



■*CY- 



tKF — »J U-tKLHH U— tKR 



input and Output Waveforms for A.C. Tests 



'^'^ y- -yl-^ TEST 2.0^ y 

0.45 A -^0.8 PoTntS 0.1^ A 



FOR A.C, TESTING, INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" 
AND 0.45V FOR A LOGIC "0." TIMING MEASUREMENTS FOR INPUT 
AND OUTPUT SIGNALS ARE MADE AT 2.0V FOR A LOGIC "1" AND 
0.8V FOR A LOGIC "0." 



See page 725 for ordering infonnatlon. 
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Information furnished by Western Digital Corporation Is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from Its use. No license is granted by 
Implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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DATA COMMUNICATION FAMILIES 

UART — Universal Asynchronous Receiver-Transmitter 

PSAT — Programmable Synchronous/Asynchronous Transmitter 

PSAR — Programmable Synchronous/Asynchronous Receiver 

USART — Universal Synchronous/Asynchronous Receiver-Transmitter 

BOART — Bus Oriented Asynchronous Receiver-Transmitter 

DLC — Data Link Controller 



PROTOCOL DEFINITIONS 



Asynchronous 
(Character Oriented) 

• START and STOP Bits 

• 5, 6, 7, 8 Bits/Character 

• Plus option of Parity (Even or Odd) 



Marking Line ' 



start Bit 



4 5 6 7 8 ip| SS 



stop Blt(s) 



Data Bits 



7 8 P SS i 

— ^ L 

arltv — ' 



Parity—' Line Marking 

Multiple Character Asynchronous ^ ^^^^^ characters with start stop bits and parity Parity outside data Character 
. ^ r, ^ if programmed .^^^^ ^ ^ 

'I'l 1 I 2 |3|4| 5| 6|7|8|9|10|11|12|13|14|15|16| P| f 



• 5, 6, 7, or 8 bits/character 
Up to 8 characters/word 
Start and Stop bits 
Parity Inside or outside of word 



Start bit 



Programmed stop bits 



Marking line or 't*— I 
end of previous ' 
character 



1st 8 bit Character 



2nd 8 bit Character 



, Marking line or 
next transmission 



Synchronous Previous Fiii or 

(Byte Oriented) Data Characters 

• No START and STOP Bits 

• 5, 6, 7, 8 Bits/Character 

• Plus option of Parity Bit 

(Even or Odd) — 



■ Data or FIII Character • 



■ Data or FIII Character ■ 



Data or 

FIII Characters 



BIsync Character (Byte) ■ 
Transmission 



SOH — Start of Header 
SYN — Synchronization Character 
STX — Start Text 
ETX — End of Text 
BCC — Block Check Character 

Synchronous Data Link Control (SDLC) 



Flag = 7E(Hex) 



FIII or Null 



Header 



-5h 

Text 



• BCC Field- 





4 SDLC Frame ■ > 






Flag 


Address 


info 


Control 


FCS 


Flag 






«( Auto Zero Insert/Delete, FCS Field » 





Pacl<et Switching (X.25) 
Data Link Control 
(Bit Oriented) 



.1 -Frame (Packet) . 



Flag. 



Address 



Packet Info 



Info 



FCS Flag 



l-Field (Packet Data) 
X.25 Level 3 I^Q^^aH^ ^'^^ ^" 
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FUNCTIONALITY COMPATIBILITY GUIDE (PARTIAL LIST) 



WD 


SIGNETICS 


FAIRCHILD 


INTEL 


MOTOROLA 


AMI 


SMC HARRIS 


ZILOG 


MOSTEK 


WD1931 


2651 
2661 


6852 


8251 A 


6852 


6852 


8251 A 


810 


3884 


WD1933 


2652 


6854 
6856 


8273 


6854 


6854 


5025 


SIC 


3884 


WD1993 












3282 






WD2001 




9414' 


8294 


6859 


6894 








FR1502 




33512 















PLEASE CONTACT FACTORY FOR APPLICATIONS ASSISTANCE. 
NOTES: 1. Four chip set. 



PIN COMPATIBLE REPLACEMENT GUIDE 



WD 


SMC 


Gl 


NAT Tl AMI 


INTEL SIGNETICS HARRIS 


INTERSIL 


TR1402 


COM2502 
COM2502H 


AY-5-1013A 
AY-6-1013 


TMS6010* SI 757 


2536 




TR1602 


COM2017 
COM2017H 




TMS6011'' 






TR1863 


COM1863 
COM8017 


AY-3-1014A 




HD6402 


IM6402 


TR1865 


COM8018 


AY-3-1015D 








PR1472 




AY-3-1472B' 








PT1482 




AY-3-1482B'' 








UC1671 


COM1671 




INS1671 






WD8250 






INS8250 






WD1983' 






INS8251A 


8251 A 




BR1941' 


COM5016 
COM5036' 










WD1943 


COM8116 










WD1945 


COM8136 











PLEASE CONSULT FACTORY FOR MAXIMUM OPERATING FREQUENCIES AND HIGH-RELIABILITY 
SCREENING. 



NOTES: 1. WD1983isASYNConly. 

2. Many frequency selections available. Consult factory for details. 
Frequency selection is masl< programmable — consult factory for details. 

3. Pin 10 on BR1941 is a "no connection". 

4. Discontinued product. 
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PRODUCT SELECTION CHART 



ARINC UARTS BOARTS PSAR/PSAT USART DLC 



GENERAL DATA 

COMMUNICATIONS 

PRODUCTS 



w 


T 


T 


wwww 


P 


P 


U 


W 


W 


D 


R 


R 


□ ODD 


R 


T 


C 


D 


D 


1 


1 


1 


12 8 1 


1 


1 


1 


1 


1 


9 


6 


8 


9 12 9 


4 


4 


6 


9 


9 


9 


0 


6 


8 2 5 8 


7 


8 


7 


3 


3 


3 


2 


% 


3 3 0 4 


2 


2 


1 


1 


% 


• 



ARINC 429 

ASYNCH 

ISOCH 

PROTOCOL SYNCH (BI-SYNC) 
SDLC 

HDLC 
ADCCP 



FEATURES 



FULL DUPLEX 
MAXIMUM 100 kHz 
320 kHz 
500 kHz 
640 kHz 
1000 kHz 
1500 kHz 
2500 kHz 
3500 kHz 



• • • • • • 



SELECTABLE CLOCK 
BOTH TRANSMIT AND 
RECEIVE 

INDEPENDENT TRANSMIT 
AND RECEIVE 
1X 
4X 
16X 
32X 
64X 
128X 
256X 



• • • • 

• • • • 



• • • 



WORD LENGTH SELECT 
5,6,7,8 BIT 



STOP BIT SELECT 1.1.5,2 



• • • • • 



PARITY SELECT ODD/ 
EVEN 



• • • • • 



MATCH/SYN GENERATE 
MATCH/SYN DETECT 
BREAK DETECT 
DOUBLE BUFFERING 
TTL COMPATIBLE 



• • • • 

• • • • • 

• • • • • 
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PRODUCT SELECTION CHART 



ARINC UARTS BOARTS PSAR/PSAT USART DLC 



GENERAL DATA 

COMMUNICATIONS 

PRODUCTS 



vv 


T 


T 


wwww 


P 


P 


U 


W 


W 


[) 


R 


R 


D D D D 


R 


T 


C 


D 


D 


1 


1 


1 


12 8 1 


1 


1 


1 


1 


1 


9 


6 


8 


9 12 9 


4 


4 


6 


9 


9 


9 


0 


6 


8 2 5 8 


7 


8 


7 


3 


3 


3 


2 


% 


3 3 0 4 


2 


2 


1 


1 


% 



ERROR CHECKING 
FRAMING 
OVERRUN 
UNDERRUN 
CRC GENERATE AND 
CHECK 



PROCESSOR INTERFACE 
UNIDIRECTIONAL 
BIDIRECTIONAL 


• 


• • • 
• • • • 


• 

• • • 


CONTROL 
PROGRAMMING 

DEVICE PINS 

BIDIRECTIONAL BUS 


• 


• • • 
• • • • 


• 

• • • 


MODEM INTERFACE 
NUMBER OF SIGNALS 8 
6 
4 
2 




• 

• 

• 


• 

• • 


SELF LOOP TEST 


« 


• • 


• • • 



SPECIAL 
FEATURES 



NRZl OPTION 
DIGITAL PHASE LOCK 
LOOP 

ON BOARD BAUD RATE 

GENERATOR 
EXTENDED WORD SIZE 
TWO FULL DUPLEX 

CHANNELS 



Information furnished by Western Digital Corporation Is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for Its use; nor for any Infringements of patents or other rights of third parties which may result from Its use. No license Is granted by 
Implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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Printed in U S A 



WESTERN DIGITAL 

CORPORAT/ON 

TR1402/TR1602 
Universal Asynchronous Receiver/Transmitter (UART) 



FEATURES 

• FULL DUPLEX OR HALF DUPLEX OPERATION 

• AUTOMATIC INTERNAL SYNCHRONIZATION 
OF DATA AND CLOCK 

• AUTOMATIC START BIT GENERATION 

• EXTERNALLY SELECTABLE 
Word Length 

Baud Rate 

Even/Odd Parity (Receiver/Verification — 
Transmitter/Generation) 

Parity Inhibit 
One, One and One-Half, or Two Stop Bit 

Generation (11/2 at 5 Bit Level forTR1602) 

• AUTOMATIC DATA RECEIVED/TRANSMITTED 
STATUS GENERATION 

Transmission Complete 

Buffer Register Transfer Complete 

Received Data Available 

Parity Error 

Framing Error 

Overrun Error 

• BUFFERED RECEIVER AND TRANSMITTER 
REGISTERS 

• THREE-STATE OUTPUTS 
Receiver Register Outputs 
Status Flags 



TTL COMPATIBLE 

PULL-UP RESISTORS ON ALL INPUTS 

APPLICATIONS 

PERIPHERALS 
TERMINALS 
MINI COMPUTERS 
FACSIMILE TRANSMISSION 
MODEMS 

CONCENTRATORS 

ASYNCHRONOUS DATA MULTIPLEXERS 

CARD AND TAPE READERS 

PRINTERS 

DATA SETS 

CONTROLLERS 

KEYBOARD ENCODERS 

REMOTE DATA ACQUISITION SYSTEMS 

ASYNCHRONOUS DATA CASSETTES 



o 
10 

o 
ro 



VCCC 

vggc 
vddc 

RRDC 
RR8 C 
RR7 c 
RR6 c 
RR5C 
RR4 c 
RR3 c 

RR2C 
RR1 c 
PEC 
FEC 
OE C 
SFDC 
RRCC 
DRRC 
DR C 
Rl C 



40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28p 
27 
26p 
25D 
24 
23 
22 
21 



□ TRC 

□ EPE 

□ WLSi 

□ WLS2 
3 SBS 
D PI 

□ CRL 
D TR8 
3 TR7 

□ TR6 

□ TR5 

□ TR4 
TR3 

1 TR2 
TRi 
TRO 
D TRE 



D THRL 
D THRE 
1 MR 



RRD 



RRC. 



.DR 



DRR. 



,0E 



.FE 



.PE 



SFD. 





I i 


\ i 




k / 


I i 




(M 


to 




If) 


(C 














cc 


CC 




a: 


cc 




cc 


DC 







RECEIVER HOLDING 
REGISTER 



RECEIVER REGISTER 



RECEIVER 
TIMING AND 
CONTROL 



VCC( + 5V) 



PIN CONNECTIONS 



VGG( -12V)7 
Vdd(GND)^ 









m 


<a 




00 


OC 


cc 


cc 


CC 


cc 


cc 


cc 


1- 


1- 


1- 




1- 




1- 



CONTROL 
REGISTER 



CO 



TRANSMITTER 

HOLDING 

REGISTER 



TRANSMITTER 
REGISTER 



TRANSMITTER 
TIMING AND 
CONTROL 



•THRL 



-TRO 



•TRC 
-THRE 



-»-TRE 



TR1602/TR1402 BLOCK DIAGRAM 
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GENERAL DESCRIPTION 

. The Universal Asynchronous Receiver/Transmitter 
^ (UART) is a general purpose, programmable or 

hardwired MOS/LSI device. The UART is used to 
^ convert parallel data to a serial data format on the 
^ transmit side, and converts a serial data format to 

parallel data on the receive side. 

35 The serial format in order of transmission and 
^ reception is a start bit, followed by five to eight 
O data bits, a parity bit (if seiectedl) and one, one 

and one-half (1602 bit data format only) or two stop 

bits. 

Three types of error conditions are available on 
each received character: parity error, framing error 



(no valid stop bit) and overrun error. 

The transmitter and receiver operate on external 

16X clocks, where 16 clock times are equal to one 

bit time. The receiver clock is also used to sample 

in the center of the serial data bits to allow for line 

distortion. 

Both transmitter and receiver are double buffered 
allowing a one character time maximum between 
a data read or write. Independent handshake lines 
for receiver and transmitter are also included. All 
inputs and outputs are TIL compatible with three- 
state outputs available on the receiver, and error 
flags for bussing multiple devices. 



PIN DEFINITIONS 



PIN 








NUMBER 


NAME 


SYMBOL 


FUNCTION 


1 


POWER SUPPLY 


VSS 


+5 volts supply 


2 


POWER SUPPLY 


vgg 


-12 volts supply 


3 


POWER SUPPLY 


vdd 


Ground = OV 


4 


RECEIVER REGISTER 
DISCONNECT 


RRD 


A high level input voltage, V|h, applied to this line 
disconnects the RECEIVER HOLDING REGISTER 
outputs from the RR-|.8 data outputs (pins 5-12). 


5-12 


RECEIVER HOLDING 


RRq- 


The parallel contents of the RECEIVER HOLDING 




REGISTER DATA 


RR.| 


REGISTER appear on these lines if a low-level input 






voltage, V|l, is applied to RRD. For character for- 
mats of fewer than eight bits received characters 
are right-justified with RR1 (pin 12) as the least sig- 
nificant bit and the truncated bits are forced to a low 
level output voltage, VqL' 


13 


PARITY ERROR 


PE 


A high level output voltage, VoH, on this line indi- 
cates that the received parity differ from that which 
is programmed by the EVEN PARITY ENABLE 
control line (pin 39). This output is updated each 
time a character is transferred to the RECEIVER 
HOLDING REGISTER. PE lines from a number of 
arrays can be bussed together since an output dis- 
connect capability is provided by Status Flag Dis- 
connect line (pin 16). 


14 


FRAMING ERROR 


FE 


A high-level output voltage, VqH' on this line indi- 
cates that the received character has no valid stop 
bit, i.e., the bit (if progrannmed) is not a high level 
voltage. This output is updated each time a character 
is transferred to the Receiver Holding Register. FE 
lines from a number of arrays can be bussed together 
since an output disconnect capability is provided by 
the Status Flag Disconnect line (pin 16). 
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PIN 
NUMBER 


NAME 


SYMBOL 


FUNCTION 


15 


OVERRUN ERROR 


OE 


A high-level output voltage, Vqh. on this line indi- 
cates that the Data Received Flag (pin 19) was not 
reset before the next character was transferred to 
the Receiver Holding Register. OE lines from a 
number of arrays can be bussed together since an 
output disconnect capability is provided by the 
Status Flag Disconnect line (pin 16). 


16 

17 


STATUS FLAGS 
DISCONNECT 

RECEIVER REGISTER 
CLOCK 


SFD 
RRC 


A high-level input voltage, V|h, applied to this pin 
disconnects the PE, FE, OE, DR and THRE allowing 
them to be buss connected. 

1 lie IC3V^C7IV\7l UlwOiV llCLjUCIIUy lO OlAlCt^ll \ t\Jf IIIIICO 

times the desired receiver shift rate. 


18 


DATA RECEIVED RESET 


DRR 


A low-level input voltage, Vil, applied to this line 

rpQPtQ thp DP linp 


19 


DATA RECEIVED 


DR 


A high-level output voltage, Vqh. indicates that an 
pntirs nharaptpr ha^ hppn rprpiupfi anH tcanssfprrprl 
to the RECEIVER HOLDING REGISTER. 


20 


RECEIVER INPUT 


Rl 


Serial Input data. A high-level input voltage, V|h, 
must be present when data is not being received. 


21 


MASTER RESET 


MR 


This line is strobed to a high-level input voltage, V|h, 
to clear the logic. It resets the TRANSMITTER and 
RECEIVER HOLDING REGISTERS, the TRANS- 
MITTER REGISTER, FE, OE, PE, DR and sets TRO, 
THRE, and TRE to a high-level output voltage, Vqh- 


22 


TRANSMITTER HOLDING 
REGISTER EMPTY 


THRE 


A high-level output voltage, VoH' ^his line indi- 
cates the TRANSMITTER HOLDING REGISTER 
has transferred its contents to the TRANSMITTER 
REGISTER and may be loaded with a new character. 


23 


TRANSMITTER HOLDING 
REGISTER LOAD 


thRl 


A low-level input voltage, V|l, applied to this line 
enters a character into the TRANSMITTER HOLD- 
ING REGISTER. A transition from a low-level input 
voltage, V|l, to a high-level input voltage, V|h, trans- 
fers the character into the TRANSMITTER REGIS- 
TER if it is not in the process of transmitting a char- 
acter. If a character is being transmitted, the transfer 
is delayed until its transmission is completed. Upon 
completion, the new character is automatically 
transferred simultaneously with the initiation of 
the serial transmission of the new character. 


24 


TRANSMITTER REGISTER 
c^^/lDTV 

ClVIn 1 T 


TRE 


A high-level output voltage, VoH< ^l^is line indi- 

thai' TD A KICk>l ITTCD DCI^ICTITD Kao 

cates Tnat xne inArMoiviii icn ncoioicn nas 
completed serial transmission of a full character 
including STOP bit(s). It remains at this level until 
the start of transmission of the next character. 



J3 
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o 
ro 



o 
to 



PIN 








NUMBER 


NAME 


SYMBOL 


FUNCTION 


25 


TRANSMITTER REGISTER 
OUTPUT 


TRO 


The contents of the TRANSMITTER REGISTER 
(START bit, DATA bits, PARITY bit, and STOP bits) 
are serially shifted out on this line. When no data is 
being transmitted, this line will remain at a h igh-level 
output voltage, Vqh- Start of transmission is defined 
as the transition of the START bit from a high-level 
output voltage VOH, to a low-level output voltage. Vol 


26-33 


TRANSMITTER REGISTER 
DATA INPUTS 


TR1-TR8 


The character to be transmitted is loaded into the 
TRANSMITTER HOLDING REGISTER on these 
lines with the THRL Strobe. If a character of less 
than 8 bits has been selected (by WLSi and WLS2), 

li 1^ 01 Icii dU 1(71 loiiyillJUolii icvJ i\J 11 IC? icooi 01^1 MllOal K 

bit, TR1, and the excess bits are disregarded. A 
high-level input voltage, V|h, will cause a high- 
level output voltage, VoH, to be transmitted. 


34 


CONTROL REGISTER 
LOAD 


CRL 


A high-level input voltage, V|h, on this line loads the 
CONTROL REGISTER with the control bits (WLS„ 
WLSg, EPE, PI, SBS). This line may be strobed or 
hard wired to a high-level input voltage, V|H- 


35 


PARITY INHIBIT 


PI 


A high-level input voltage, V|h, on this line inhibits 
the parity generation and verification circuits and 
will clamp the PE output (pin 13) to Vql- 'f parity is 
inhibited, the STOP blt(s) will immediately follow 
the last data bit of transmission. 


36 


STOP BIT(S) SELECT 


SBS 


This line selects the number of STOP bits to be trans- 
mitted after the parity bit. A high-level input voltage 
V|H, on this line selects two STOP bits, and a low- 
level input voltage, V|l, selects a single STOP bit. 
The TR1602 generates 1 V2 stop bits when word 
length is 5 bits and SBS is High V|h. 


37-38 


WORD LENGTH SELECT 


WLS1-WLS2 


These two lines select the character length (exclu- 
sive of parity) as follows: 

WLS2 WLSi Word Length 

V||_ V|L 5 bits 
V|L V|H 6 bits 
V|H V|L 7 bits 
V|H V,H 8 bits 


39 


EVEN PARITY ENABLE 


EPE 


This line determines whether even or odd PARITY 
is to be generated by the transmitter and checked 
by the receiver. A high-level input voltage, V|h, 
selects even PARITY and a low-level input voltage, 

colortc ndH PARITY 


40 


TRANSMITTER REGISTER 


TRC 


The transmitter clock frequency is sixteen (16) times 
the desired transmitter shift rate. 
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THRL 



THRE 



TRE 



15 CLOCK TIMES 
AFTER START OF 
LAST STOP BIT 



Vi CLOCK 



O 
3D 

o> 
o 
to 



^ K- Vz CLOCK 



TRO 



END OF LAST STOP 
BIT (COUNT 16) 



CR1 CR2 CR3 CR4 CR5 



CASE I < 



CASE 1 1 < 




GF4 



TRC 



H ' ©1 1'T 

L__~^ I THRE I I 



tpd 
TRE I 



CR4 



TRC 



DETAIL II 



0 



TRO 



-•-I tpd [-•— 



CASE II: 



IF THE POSITIVE TRANSITION OF 
THRL OCCURS >500ns PRIOR TO ANY 
CLOCK FALLING EDGE (CF3 IN 
SAMPLE) THE A, B, C, AND D SIGNALS 
WILL BE GENERATED AS SHOWN IN 
DETAIL II. 

IF THE POSITIVE TRANSITION OF 
THRL OCCURS <500ns PRIOR TO ANY 
CLOCK FALLING EDGE (CF3 IN 
SAMPLE), THE B, C, AND D SIGNALS 
MAY BE GENERATED ON THE 
FOLLOWING CLOCK TIME I.E, THE B, 
C, AND D SIGNALS AS SHOWN IN 
DETAIL II MAY CHANGE AS FOLLOWS; 
CF3 TOCF4 
CF4 T0CF5 
CR4 TO CR5 



DETAIL I 



TRANSMITTER TIMING 
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o 

!0 



o 



START (1) 



STOP START 



DATA 



RR1-RR8 AND ERROR FLAGS PE, FE, 0E(5) 



DR 



DATA 



STOP 



1 



DRR 



DETAIL: 



(2) 



10 11 12 13 14 15 



RRC 



Rl 



mnjwLimnjiriJiruia^ 



NOMINAL 



it 



STOP 

TRANSITION 



NOMINAL BIT CENTER 



PE, FE{3) 



ih 



1 



(5) I 



I I 



RR1-RR8, 0E(3) 



I 



-ih 



DRR 



min 

ii" 



DR(3) 



(2) 



L-A-»^| (4) 



(1) SEE APPLICATION FLAGS REPORT NO. 1 FOR DESCRIP- 
TION OF START BIT DETECTION 

(2) THE DELAY BETWEEN DRR AND DR = = 500 ns 

(3) DR. ERROR FLAGS, AND DATA ARE VALID AT THE 
NOMINAL CENTER OF THE FIRST STOP BIT 

(4) DRR SHOULD BE HIGH A MINIMUM OF "A" NS (ONE- 
HALF CLOCK TIME PLUS tp^) PRIOR TO DR RISING EDGE 

(5) DATA AND OE PRECEDES DR, PE, AND FF. FLAGS BY 
V2 CLOCK 

(6) DATA FLAGS WILL REMAIN SET UNTIL A GOOD CHARAC- 
TER IS RECEIVED OR MASTER RESET IS APPLIED. 



RECEIVER TIMING 
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SFD 



•PE, FE.OE, DR.THRE 



0.8V 



2.0V 



-tpdO*^ 



•OUTPUTS PE, FE, OE, DR, THRE ARE DIS- 
CONNECTED AT TF^ANSITION OF SFD 
FROM0.8VTO2.0V. 



STATUS FLAG OUTPUT DELAYS 



RRD 



RR1-RR8 



0.8V 
"*-tpd1-H 

X 



2.0V 
.8V 



-^-tpdO*! 



•RR1-RR3, ARE DISCONNECTED AT 
TRANSITION OF RRD FROM 0.8V TO 2.0V. 



DATA OUTPUT DELAYS 
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o 

o> 
o 



1. TURN ON POWER A 

2. PULSE MASTER RESET 

3. SELECT BAUD RATE (16XCLK) 



THRE 


= VOH 


TRE 


= VoH 


TRO 


= VoH 



SET CONTROL BITS 

T 



YES 




1. LOAD TRANSMITTER REGISTER 

2. SET TRE = Vol 




0 




1 



RESETTRO = Vql (START BIT) 




SET THRE = VoH 




SHIFT ONE BIT RIGHT 
IN TRANSMITTER REGISTER 



TRANSMIT START, DATA BITS, 
SELECTED PARITY MODE 
AND STOP BIT(S) 



© 

TRANSMITTER FLOW CHART 



0 
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RECEIVER FLOW CHART 
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ABSOLUTE MAXIMUM RATINGS NOTE: These voltages are measured with respect to GND 
Zg Storage Temperature 

_fc Plastic -55°Cto +125°C 

g Ceramic -65'Cto+150X 

g Vss Supply Voltage - 0.3V to + 7.0V 

Input Voltage at any pin -0.3V to +7.0V 

33 Operating Free-Air Temperature 

^ Ta Range OXtoZOX 

g Lead Temperature (Soldering, 10 sec.) 300*'C 

ro 

ELECTRICAL CHARACTERISTICS 

(Vss = 5V ± 5%, Vdd = OV, VgG = - 12V ± 5%) 



SYMBOL 


PARAMETER 


TR1602n'R1402 






OPERATING CURRENT 


MIN 


MAX 


CONDITIONS 


IQC 


Substrate Supply Current 




60 ma 


Vss = 5.25V 


■gg 


Gate Supply Current 




-10 ma 


VGG = - 12.6V 




LOGIC LEVELS 








V|H 


Logic High 


VSS-1-5V 






V|L 


Logic Low 




0.8V 


Vss = 4.75V 




OUTPUT LOGIC LEVELS 








VOH 


Logic High 


Vss -10V 




Vss = 4.75V, lOH = 100^3 


VOL 


Logic Low 




0.4V 


Vss = 5.25V, iOL = 1.6 ma 


lOC 


Output Leal<age 




± lO^a 


VOUT = OV, VOUT = 5V 




(High Impedance State) 






SFD = RRD = V|H 


l|L 


Low Level Input Current 




1.6 ma 


V|N = 0.4V 



SWITCHING CHARACTERISTICS 

(See "Switching Waveforms") 





TR1402-* 
TR1602-01 


TR1602-00 




SYMBOL 


PARAMETER 


MIN. 


MAX. 


MIN. 


MAX. 


CONDITIONS 


f clock 


Clock Frequency 


DC 


320 KHz 


DC 


320 KHz 




tpw 


Pulse Widths 
CRL 
THRL 
DRR 
MR 


200 ns 
200 ns 
200 ns 
500 ns 




200 ns 
200 ns 
200 ns 
500 ns 






tc 


Coincidence Time 


200 ns 




200 ns 






thold 


Hold Time 


20 ns 




20 ns 






tset 


Set-up Time 


0 




0 






tpdO 
tpdl 


OUTPUT PROPAGATION 
DELAYS 
To Low State 
To High State 




650 ns 
650 ns 




500 ns 
500 ns 


JCl = 20pf, 

1 plus one TTL load 


Cin 

Co 


CAPACITANCE 

Inputs 
Outputs 




20 pf 
20 pf 




20 pf 
20 pf 


f = 1MHz, 
VIn = 5V 



*AII iterations 



See page 725 for ordering information. 
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WESTERiy DIGITAL 

C O R P O R A r / ON 

TR1863/TR1865 
Universal Asynchronous Receiver/Transmitter (UART) 



FEATURES 

• SINGLE POWER SUPPLY — +5VDC 

• D.C. TO 1 MHZ (64 KB) (STANDARD PART) 
TR1863/5 

• FULL DUPLEX OR HALF DUPLEX OPERATION 

• AUTOMATIC INTERNAL SYNCHRONIZATION 
OF DATA AND CLOCK 

• AUTOMATIC START BIT GENERATION 

• EXTERNALLY SELECTABLE 
Word Length 

Baud Rate 

Even/Odd Parity (Receiver/Verification — 

Transmitter/Generation) 

Parity Inhibit 

One, One and One-Half, or Two Stop Bit 
Generation (1 V2 at 5 Bit Level) 

• AUTOMATIC DATA RECEIVED/TRANSMITTED 
STATUS GENERATION 

Transmission Complete 

Buffer Register Transfer Complete 

Received Data Available 

Parity Error 

Framing Error 

Overrun Error 

• BUFFERED RECEIVER AND TRANSMITTER 
REGISTERS 



THREE STATE OUTPUTS 
Receiver Register Outputs 
Status Flags 

TTL COMPATIBLE 

TR1865 HAS PULL-UP RESISTORS ON ALL 
INPUTS 



APPLICATIONS 

PERIPHERALS 
TERMINALS 
MINICOMPUTERS 
FACSIMILE TRANSMISSION 
MODEMS 

CONCENTRATORS 

ASYNCHRONOUS DATA MULTIPLEXERS 
CARD AND TAPE READERS 
PRINTERS 
DATA SETS 
CONTROLLERS 
KEYBOARD ENCODERS 
REMOTE DATA ACQUISITION SYSTEMS 
ASYNCHRONOUS DATA CASSETTES 



00 
O) 
CO 



cn 



vccc 

NC C 

vssc 

RRD C 
RR8 C 
RR7 c 
RR6 c 
RR5 c 
RR4 c 
RR3 c 
RR2 c 
RRl c 
PE C 
FE C 
OE C 
SFD C 
RRCC 
DRR C 
DR C 
Rl C 



□ TRC 

□ EPE 

□ WLSi 

□ WLS2 
36 □ BBS 
35 3 PI 

34 □ CRL 
33 □ TRs 

□ TR7 
D TR6 

□ TR5 

□ TR4 

□ TR3 
TR2 



TRi 
TRO 
TRE 



THRL 
THRE 
P MR 



RRD 



RRC. 



.DR 



DRR. 



,0E 



.PE 



SFD. 



A A A 4 



99 

a: CC 



RECEIVER HOLDING 
REGISTER 



RECEIVER REGISTER 



RECEIVER 
TIMING AND 
CONTROL 



VCC( + 5V). 



PIN CONNECTIONS 



VSS(GND). 



eg 


CO 


•<a- 


in 


(O 




00 


OC 


OC 


CC 


CC 


QC 


cc 


CC 


1- 


1- 


1- 


H 


H 


H 


(- 

















TRANSMITTER 

HOLDING 

REGISTER 



TRANSMITTER 
REGISTER 



CONTROL 
REGISTER 



U \ A 



TRANSMITTER 
TIMING AND 
CONTROL 



•THRL 



-TRO 



■ TRC 
-THRE 



-♦-TRE 



TR1863rrR1865 BLOCK DIAGRAM 
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GENERAL DESCRIPTION 

. The Universal Asynchronous Receiver/Transmitter 
jj (UART) is a general purpose, programmable or 

hardwired MOS/LSI device. The UART is used to 
|§ convert parallel data to a serial data format on the 
&> transmit side, and converts a serial data format to 

parai iel data on the receive side. 
2 The serial format in order of transmission and 
00 reception is a start bit, followed by five to eight data 
0> bits, a parity bit (if selected) and one, one and one- 
^ half, or two stop bits. 

Three types of error conditions are available on each 

received character, parity error, framing error (no valid 

stop bit) and overrun error. 



The transmitter and receiver operate on external 16X 
clocks, where 16 clock times are equal to one bit 
time. The receiver clock is also used to sample in the 
center of the serial data bits to allow for line 
distortion. 

Both transmitter and receiver are double buffered 
allowing a one character time maximum between a 
data read or write. Independent handshake lines for 
receiver and transmitter are also included. All inputs 
and outputs are TTL compatible with three-state 
outputs available on the receiver, and error flags for 
bussing multiple devices. 



PIN DEFINITIONS 



PIN 








NUMBER 


NAME 


SYMBOL 


FUNCTION 


1 


POWER SUPPLY 


vcc 


+ 5 volts supply 


2 


NC 


NC 


No Internal Connection 


3 


GROUND 


VSS 


Ground = OV 


4 


RECEIVER REGISTER 
DISCONNECT 


RRD 


A high level input voltage, V|h, applied to this 
line disconnects the RECEIVER HOLDING 
REGISTER outputs from the RRi-s data outputs 
(pins 5-12). 


5-12 


RECEIVER HOLDING 


RR8- 


The parallel contents of the RECEIVER 




REGISTER DATA 


RR1 


HOLDING REGISTER appear on these lines if a 
low-level input voltage, V|l, is applied to RRD. 
For character formats of fewer than eight bits 
received characters are right-justified with RR1 
(pin 12) as the least significant bit and the 
truncated bits are forced to a low level output 
voltage, Vql 


13 


PARITY ERROR 


PE 


A high level output voltage, Vqh. on this line 
indicates that the received parity differ from 
that which is programmed by the EVEN PARITY 
ENABLE control line (pin 39). This output is 
updated each time a character is transferred 
to the RECEIVER HOLDING REGISTER. PE 
lines from a number of arrays can be bussed 
together since an output disconnect capability 
is provided by Status Flag Disconnect line 
(pin 16). 


14 


FRAMING ERROR 


FE 


A high-level output voltage, Vqh, on this line 
indicates that the received character has no 
valid stop bit, i.e., the bit (if programmed) is not 
a high level voltage. This output is updated each 
time a character is transferred to the Receiver 
Holding Register, FE lines from a number of 
arrays can be bussed together since an output 
disconnect capability is provided by the Status 
Flag Disconnect line (pin 16). 
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PIN DEFINITIONS 



PIN 








NUMBER 


NAME 


SYMBOL 


FUNCTION 


15 


OVERRUN ERROR 


OE 


A high-level output voltage, Vqh, on this line 
indicates that the Data Received Flag (pin 19) 

Wda IIUl loool UoKJic lilt; ncXl OlldiaCXcr Wclo 

transferred to the Receiver Holding Register. 
OE lines from a number of arrays can be bussed 
together since an output disconnect capability 
is provided by the Status Flag Disconnect line 

(pin 16). 


16 


STATUS FLAGS 
DISCONNECT 


SFD 


A high-level input voltage, V|h, applied to this 
pin disconnects the PE, FE, OE, DR and THRE 
allowing them to be buss connected. 


17 


RECEIVER REGISTER 
CLOCK 


RRC 


The receiver clock frequency is sixteen (16) 
times the desired receiver shift rate. 


18 


DATA RECEIVED 
RESET 


DRR 


A low-level input voltage, Vil* applied to this 
line resets the DR line. 


19 


DATA RECEIVED 


DR 


A high-level output voltage, VqHi indicates that 
an entire character has been received and 
transferred to the RECEIVER HOLDING 
; REGISTER. 


20 


RECEIVER INPUT 


Rl 


' Serial input data. A high-level input voltage, V|h, 
must be present when data is not being 
received. 


91 


iviMo 1 cn ncoc i 


MR 
ivin 


This line is strobed to a high-level input voltage, 
V|H, to clear the logic. It resets the TRANS- 
MITTER and RECEIVER HOLDING REGIS- 
TERS, the TRANSMITTER REGISTER, FE, OE, 
PE, DR and sets TRO, THRE, and TRE to a 
high-level output voltage, VqH- 


22 


TRANSMITTER 
HOLDING REGISTER 
EMPTY 


THRE 


A high-level output voltage, Vqh, on this line 
indicates the TRANSMITTER HOLDING REGIS- 
TER has transferred its contents to the 
TRANSMITTER REGISTER and may be loaded 
with a new character. 


23 


TRANSMITTER 
HOLDING REGISTER 
LOAD 


THRL 


A low-level input voltage, V|l, applied to this 
line enters a character into the TRANSMITTER 
HOLDING REGISTER. A transition from a low- 
level input voltage, V|l, to a high-level input 
voltage, V|h, transfers the character into the 
TRANSMITTER REGISTER if it is not in the 
process of transmitting a character. If a 
oiiaraoic/r IS ueiiiy irarismiiicu, ine iransrer is 
delayed until its transmission is completed. 
Upon completion, the new character is 
automatically transferred simultaneously with 
the initiation of the serial transmission of the 
new character. 


24 


TRANSMITTER 
REGISTER EMPTY 


TRE 


A high-level output voltage, VqHi on this line 
indicates that the TRANSMITTER REGISTER 
has completed serial transmission of a full 
character including STOP bit(s). It remains at 
this level until the start of transmission of the 
next character. 
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PIN DEFINITIONS 



PIN 








NUMBER 


NAME 


SYMBOL 


FUNCTION 


25 


TRANSMITTER 
REGISTER OUTPUT 


TRO 


The contents of the TRANSMITTER REGISTER 
(START bit, DATA bits, PARITY bit, and STOP 
hitc%\ prp ^priflllv c^hifterl nut on this line When 
no data is being transmitted, this line will 
remain at a high-level output voltage, VoH- Start 
of transmission is defined as the transition of 
the START bit from a high-level output voltage 
VoH, to a low-level output voltage Vql 


26-33 


TRANSMITTER 


TR1-TR8 


The character to be transmitted is loaded into 




REGISTER DATA 


the TRANSMITTER HOLDING REGISTER on 




INPUTS 




these lines with the THRL Strobe. If a character 

nf tc:tQQ than R hitQ ha^ hppn *ip|prtpri ^bv \A/LSl 

and WLS2), the character is right justified to the 
least significant bit, TRi, and the excess bits 
are disregarded. A high-level input voltage, V|h, 
will cause a high-level output voltage, Vqh, to 
be transmitted. 


34 


CONTROL REGISTER 
LOAD 


CRL 


A high-level input voltage, V|h, on this line 
loads the CONTROL REGISTER with the 
control bits (WLSi, WLSa, EPE, PI, SBS). This 
line may be strobed or hard wired to a high-level 
input voltage, V|h. 


JO 


PARITY IMMIRIT 


PI 


A hinh.l^u^l inniit v/nltanp Vilj nn thiQ linp 

inhibits the parity generation and verification 
circuits and will clamp the PE output (pin 13) to 
Vol If parity is inhibited, the STOP bit(s) will 
immediately follow the last data bit of trans- 
mission. 


36 


STOP BIT(S) SELECT 


SBS 


This line selects the number of STOP bits to be 






trflriQmittpH flftpr thp naritv hit A hinh-jpvpl 

LI dl loi 1 II Lieu CLILCI 11 Iv7 ^CIM ly Ull. r\ ill^ll iCVOf 

input voltage Vm, on this line selects two STOP 
bits, and a low-level input voltage, V|l, selects a 
single STOP bit. The TR1863 and TR1865 
generate IV2 stop bits when word length is 5 
bits and SBS isHigh V|h. 


37-38 


WORD LENGTH 


WLS2-WLS1 


These two lines select the character length 




SELECT 


(exclusive of parity) as follows: 

WLS2 WLSi Word Length 

V|L V|L 5 bits 
V|L V|H 6 bits 
V|H V|L 7 bits 
V|H V|H 8 bits 


39 


EVEN PARITY 
ENABLE 


EPE 


This line determines whether even or odd 
PARITY is to be generated by the transmitter 
and checked by the receiver. A high-level input 
voltage, V|h, selects even PARITY and a low- 
level input voltage, V|l, selects odd PARITY. 


40 


TRANSMITTER 
REGISTER 


TRC 


The transmitter clock frequency is sixteen (16) 
times the desired transmitter shift rate. 



00 

00 



324 



THRL 



THRE 



TRE 



TRO 



~i_r 



15 CLOCK TIMES 
AFTER START OF 
LAST STOP BIT (1) 



V2 CLOCK 



00 

00 
U1 



Vz CLOCK 

END OF LAST STOP 
BIT (COUNT 16) 



(1) NOT VALID FOR 5.0 MHZ OPTION 



CR1 



CR2 



CR3 CR4 CR5 



CASE I < 




THRL 



THRE 



CASE II < 



TRE 



TRO' 




IF THE POSITIVE TRANSITION OF 
THRL OCCURS >250ns PRIOR TO ANY 
CLOCK FALLING EDGE (CF3 IN 
SAMPLE) THE A, B, C, AND D SIGNALS 
WILL BE GENERATED AS SHOWN IN 
DETAIL II. 

IF THE POSITIVE TRANSITION OF 
THRL OCCURS <250ns PRIOR TO ANY 
CLOCK FALLING EDGE (CF3 IN 
SAMPLE), THE B, C, AND D SIGNALS 
MAY BE GENERATED ON THE FOL- 
LOWING CLOCK TIME I.E. THE B, C, 
AND D SIGNALS AS SHOWN IN 
DETAIL MAY CHANGE AS FOLLOWS: 

CF3TOCF4 

CF4TOCF5 

CR4TOCR5 



NOTE: IT IS ADVISABLE TO CONSIDER 
CASE II FOR fcLOCK > 4.0 MHZ. 



DETAIL I 



TRANSMITTER TIMING 
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START (1) 



STQo START 



Rl 



DATA 



DATA 



STOP 



RR1-RR8 AND ERROR FLAGS PE, FE, 0E(5) 



1 



DR(19) 



1_ 



DRR(18) 



(2) 



LT 



RRC 



DETAIL: 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 0 

WLJinjiriJinjiniirLJiJ^ 



NOMINAL 



Rl K^Kl ^"^^^ ^" 

KnxI transition 



nominal bit center 



PE, FE(3) 



(5), I 



I 



RR1-RR8, 0E(3) 
-i^ 



DRR 



DR(3) 




A-»-| (4) 



(1) SEE APPLICATION FLAGS REPORT NO. 1 FOR DESCRIP- 
TION OF START BIT DETECTION 

(2) THE DELAY BETWEEN DRR AND DR = td = 500 NS 

(3) DR. ERROR FLAGS, AND DATA ARE VALID AT THE 
NOMINAL CENTER OF THE FIRST STOP BIT 

(4) DRR SHOULD BE HIGH A MINIMUM OF "A" NS (ONE- 
HALF CLOCK TIME PLUS tpd) PRIOR TO THE RISING 
EDGE OF DR 

(5) DATA AND OE PRECEDES DR, PE, AND FE FLAGS BY 

V2 CLOCK 

(6) DATA FLAGS WILL REMAIN SET UNTIL A GOOD CHARAC- 
TER IS RECEIVED OR MASTER RESET IS APPLIED. 



RECEIVER TIMING 
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DATA INPUT LOAD CYCLE CONTROL REGISTER LOAD CYCLE 



SFD 



'PE, FE, OE, DR.THRE 



0.8V 
etpd1*4 



2.0V 



«l-tpdO-»>| 



'^^8V__ 



• OUTPUTS PE, FE, OE, DR, THRE ARE DIS- 
CONN ECTED AT TRANSITION OF SFD 
FROM 0.8V TO 2.0V. 



STATUS FLAG OUTPUT DELAYS 



RRD 



X 



"RR1-RR8 



0.8V 



X2.0V 

-tpdO*| 



'RR1-RR3, ARE DISCONNECTED AT 
TRANSITION OF RRD FROM 0.8V TO 2.0V. 



DATA OUTPUT DELAYS 
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H 

30 

J3 



1. TURN ON POWER A 

2. PULSE MASTER RESET 

3. SELECT BAUD RATE (16XCLK) 



0 



THRE 


= VOH 


TRE 


= VoH 


TRO 


= VoH 





1. LOAD TRANSMITTER REGISTER 

2. SET TRE = Vol 




1 



© 



RESET TRO = Vql (START BIT) 




SET THRE = Vqh 




SHIFT ONE BIT RIGHT 
IN TRANSMITTER REGISTER 



TRANSMIT START, DATA BITS, 
SELECTED PARITY MODE 
AND STOP BIT(S) 




TRANSMITTER FLOW CHART 
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LOAD START BIT INTO 
RECEIVER SHIFT REGISTER 




ENABLE PEF/F 
TO BE SET 
TOVoH 



© 



ENABLE PE F/F 
TO BE RESET 
TO Vol 



ENABLE FE F/F 
TO BE SET 
TOVoH 




ENABLE FE F/F 
TO BE RESET 

TO Vol 










ENABLE OE F/F 
TO BE SET 
TOVoH 




ENABLE OE F/F 
TO BE RESET 
TO Vol 











TRANSFER DATA BITS FROM 
RECEIVER REGISTER TO 
RECEIVER HOLDING REGISTER 
AND SET OE TO 
PROPER STATE 




SET DR. PE & FE FLAGS TO PROPER STATES 



DR = VoH 



operatorX 

ACTION / 



EXAMINE OUTPUTS 

1. STROBE SFD 

2. STROBE RRD 



DRR = Vol 

DR— Vol 



© 



RECEIVER FLOW CHART 
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ABSOLUTE MAXIMUM RATINGS 



NOTE: These voltages are measured with respect to GND 



05 Storage Temperature 

W Plastic -55°Cto +125°C 

H Ceramic -65X10 + 150°C 

5 Vcc Supply Voltage - 0.3V to + 7.0V 

Input Voltage at any pin - 0.3V to + 7.0V 

0> Operating Free-Air Temperature 

^ Ta Range 0''Cto70°C 



Lead Temperature (Soldering, 10 sec.) 300°C 



ELECTRICAL CHARACTERISTICS 

(Vcc = 5V ± 5%,Vss = OV) 



SYMBOL 


PARAMETER 


TR1863/5 






OPERATING CURRENT 


MIN 


MAX 


CONDITIONS 


Icq 


Supply Current 




35ma 


Vcc = 5.25V 




LOGIC LEVELS 








V|H 


Logic High 


2.4V 






V|L 


Logic Low 




0.6V 


Vcc = 4.75V 




OUTPUT LOGIC LEVELS 








VoH 


Logic High 


2.4V 




Vcc = 4.75V, IQH = 100 Ma 


VOL 


Logic Low 




0.4V 


Vcc = 5.25V, lOL = 1.6 ma 


loo 


Output Leakage 




±10Ma 


Vqut = OV, VquT = 5V 




(High Impedance State) 






SFD = RRD = ViH 


l|L 


Low Level Input Current 


100/ia 


1.6ma 


V|N = 0.4V TR 1865 only 








lO^a 


V|N = VilTR 1863 only 


l|H 


High Level Input Current 




-10/ia 


V|N = V|H,TR 1863 only 
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SWITCHING CHARACTERISTICS 
(See "Switching Waveforms") 



SYMBOL 


PARAMETER 


MIN 


MAX 


CONDITIONS 


^clock 


Clock Frequency 






VCC = 4.75V 




TR1 863-00 


DC 


1.0 MHz 






TR1863-02 


DC 


2.5 MHz 






TR1 863-04 


DC 


3.5 MHz 






TR1863-06 


DC 


5.0 MHz 






TR1865-00 


DC 


1.0 MHz 


with intemai puii-ups on ail inputs 




TR1 865-02 


DC 


2.5 MHz 


with Intemai pull-ups on all inputs 




TR1865-04 


DC 


3.5 MHz 


with intemai pull-ups on all Inputs 




TR1865-06 


DC 


5.0 MHz 


with intemai puii-ups on aii inputs 


tpw 


Pulse Widths 










CRL 


200 ns 








THRL 


200 ns 








DRR 


200 ns 








MR 


500 ns 






tc 


Coincidence Time 


200 ns 






thold 


Hold Time 


20 ns 






tset 


Set Time 


0 








OUTPUT PROPAGATION 










UbLAYtj 








tpdO 


To Low State 




250 ns 




tpd1 


To High State 




250 ns 


Cl = 20 pf, plus one TTL load 




CAPACITANCE 








cin 


Inputs 




20 pf 


f = 1 MHz, V|N = 5V 


Co 


Outputs 




20 pf 


f = 1 MHz, V|N = 5V 



00 

w 

H 

3D 

$ 



See page 725 for ordering information. 
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TR1602/TR1863/TR1865 MOS/LSI Application Notes 
Asynclironous Receiver/Transmitter 



INTRODUCTION 

The transfer of digital data over relatively long 
distances is generally accomplished by sending the 
data in serial form thru a single communications 
channel using one of two general transmission 
techniques; asynchronous or synchronous. Syn- 
chronous data transmission requires that a clocl< 
signal be transmitted with the data in order to mark 
the location of the data bits for receiver A specified 
clocl< transition (either rising or falling) marks the 
start of each data bit interval as shown in Figure 1. In 
addition, special synchronization data patterns are 
added to the start of the transmission in order for the 
receiver to locate the first bit of the message. With 
synchronous transmission, each data bit must follow 
contiguously after the sync word, since one data bit 
is assumed for every clock period. 

With asynchronous transmission, a clock signal is 
not transmitted with the data and the characters 
need not be contiguous. In order for the receiver to 
properly recover the message, the bits are grouped 
into data characters (generally from 5 to 8 bits in 
length) and synchronizing start and stop elements 
are added to each character a§ shown in Figure 2. 



The start element is a single logic zero (space) data 
bit that is added to the front of each character. The 
stop element is a logic one (mark) that is added to the 
end of each character. The stop element is main- 
tained until the' next data character Is ready to be 
transmitted. (Asynchronous transmission is often 
referred to as start-stop transmission for obvious 
reasons). Although there Is no upper limit to the 
length of the stop element, there is a lower limit that 
depends on the system characteristics. Typical lower 
limits are 1.0, 1.42 or 2.0 data bit intervals, although 
most modern systems use 1.0 or 2.0. The negative 
going transition of the start element defines the 
location of the data bits in one character. A clock 
source at the receiver is reset by this transition and is 
used to locate the center of each data bit. 

The rate at which asynchronous data Is transmitted is 
usually measured In baud, where a baud is defined to 
be the reciprocal of the shortest signal element 
(usually one data bit interval). It is interesting to note 
that the variable stop length Is what makes the baud 
rate differ from the bit rate. For synchronous trans- 
mission, each element Is one bit in length so that the 
baud rate equals the bit rate. The same Is true for 
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Figure 1. Synchronous Data 
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STOP ELEMENT 
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n. 
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Figure 2. Asynchronous Data 
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asynchronous transmission if the stop element is 
always one bit in duration (this is referred to as 
isochronous transmission). However, when the stop 
code is longer than one bit, as shown In Figure 3, the 
baud rate differs from the bit rate. 

Each character In Figure 3 is 11 data bit intervals In 
length, and if 15 characters are transmitted per 
second, then the shortest signal element (one data 
bit interval) is 66.6 ms/11 = 6.06 ms; giving a rate of 
1/6.06 ms = 165 baud. However, since only 10 bits of 
information (8 data bits, one start bit and 1 stop bit) 
are transmitted every 66.6 msec, the bit rate is 150 
bit/sec. (Even though the stop element lasts for two 
data Intervals, it still is only one bit of information.) 

There are several reasons for using asynchronous 
transmission. The major reason is that since a clock 
signal need not be transmitted with the data, trans- 
mission equipment requirements are greatly simpli- 
fied. (Note, however, that an independent clocl< 
source is still required at both the transmitter and 
receiver). Another advantage of asynchronous trans- 
mission is that characters need not be contiguous in 
time, but are transmitted as they become available. 
This is a very valuable feature when transmitting data 
from manual entry devices such as a keyboard. The 
major disadvantage of asynchronous transmission Is 
that it requires a very large portion of the com- 
munication channel bandwidth for the synchronizing 
start and stop elements (a much smaller portion of 
the bandwidth is required for the sync words used In 
synchronous transmission). 

Asynchronous transmission over a simple twisted 
wire pair can be accomplished at moderately high 



baud rates (10K baud or higher depending on the 
length of the wire, type of line drivers, etc.) while it is 
generally limited to approximately 2K baud over the 
telephone network. When operating over the 
telephone network, a modem is required to convert 
the data pulses to tones that can be transmitted 
through the network. 

One of the major limiting factors in the speed of 
asynchronous transmission is the distortion of the 
signal elements. Distortion is defined as the time 
placement between the actual signal level transi- 
tion and the nominal transition (At), divided by the 
nominal data bit interval (See Figure 4). 

The nominal data bit interval is equal to the reciprocal 
of the nominal transmission baud rate and all data 
transitions should ideally occur at an integer number 
of intervals from the start bit negative going transi- 
tion. Actual data transitions may not occur at these 
nominal points in time as shown in the lower 
waveform of Figure 4. The distortion of any bit 
transition Is equal to At x NOMINAL BAUD RATE. 

This distortion Is generally caused by frequency jitter 
and frequency offset in the clock source used to 
generate the actual waveform as well as transmis- 
sion channel, noise, etc. Thus, the amount of 
distortion that can be expected on any asynchronous 
signal depends on the device used to generate the 
signal and the characteristics of the communication 
channel over which it was sent. Electronic signal 
generators can be held to less than 1% distortion 
while electromechanical devices (such as a teletype) 
typically generate up to 20% distortion. The trans- 
mission channel may typically add an additional 5% 
to 15% distortion. 
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Figure 4B 



The distortion previously described referred only to a 
single character as all measurements were refer- 
enced to the start element transition of that charac- 
ter However, there may also be distortion between 
characters when operating at the maximum possible 
baud rate (i.e., stop elements are of minimum length). 
This type of distortion is usually measured by the 
minimum character interval as shown in Figure 4B. 

The minimum character interval distortion is gener- 
ally specified as the percentage of a nominal data bit 
interval that any character interval may be shortened 
from its nominal length. Since many of the same 
parameters that cause distortion of the data bits are 
also responsible for the character length distortion, 
the two distortions are often equal. However, some 
systems may exhibit character interval distortions of 
up to 50% of a data bit interval. This parameter is 
important when operating at the maximum baud rate 
since the receiver must be prepared to detect the 
next start bit transition after the minimum character 
interval. 

Asynchronous receivers operate by locating the 
nominal center of the data bits as measured from the 



start bit negative going transition. However, due to 
receiver inaccuracies, the exact center may not be 
properly located. In electromechanical devices such 
as teletypes, the inaccuracy may be due to 
mechanical tolerances or variations in the power line 
frequency. With electronic receivers, the inac- 
curacies are due to frequency offset, jitter and 
resolution of the cioci< source used to find the bit 
centers. (The bit centers are located by counting 
clocl< pulses). For example, even if the receiver cloci; 
had no jitter or offset, and it was 16 times the baud 
rate, then the center of the bit could only be located 
within 1/16 of a bit interval (or 6.25%) due to clocic 
resolution. However, by properly phasing the clock, 
this tolerance can be adjusted so that the sample will 
always be within ±3.125% of the bit center. Thus, 
signals with up to 46.875% distortion could be 
received. This number (the allowable receiver input 
distortion) is often referred to as the receiver 
distortion margin. Electromechanical receivers have 
distortion margins of 25 to 30%. The receiver must 
also be prepared to accept a new character after the 
minimum character interval. Most receivers are 
specified to operate with a minimum character in- 
terval distortion of 50%. 
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TR1602 OPERATION** 

The WDC TR1602 is designed to transmit and receive 
asynchronous data as shown in Figure 5. Both the 
transmitter and the receiver are in one MOS CHIP, 
packaged in a 40 lead ceramic DIP. The array is 
capable of full duplex (simultaneous transmission 
and reception) or half duplex operation. 

The transmitter basically disassembles parallel data 
characters into a serial asynchronous data system. 
Control lines are included so that the characters may 
be 5, 6, 7 or 8 bits In length, have an even or odd parity 
bit, and have either one or two* stop bits. Fur- 
thermore, the baud rate can be set anywhere be- 
tween DC and 20K baud by providing a transmit clock 
at 16 times the desired baud rate. 

* 1-1/2 with 5 bit code 

** All references to the TR1602 operation also apply 
to the TR1863/TR1865 operation. 

The receiver assembles the asynchronous characters 
into a parallel data character by searching for the 
start bit of every character, finding the center of every 
data bit, and outputting the characters in a parallel 



format with the start, parity and stop bits removed. 
Three error flags are also provided to indicate if the 
parity was in error, a valid stop bit was not decoded or 
the last character was not unloaded by the external 
device before the next character was received (and 
therefore the last character was lost). The receiver 
clock is set at 16 times the transmitter baud rate. 

Both the transmitter and receiver have double 
character buffering so that at least one complete 
character interval is always available for exchange of 
the characters with the external devices. This double 
buffering is especially important if the external 
device Is a computer, since this provides a much 
longer permissible Interrupt latency time (the time 
required for the computer to respond to the interrupt). 

The status of the transmitter buffer and the receiver 
buffer (empty or full) is also provided as an output. 

Another feature of the TR1602 is that the control 
information can be strobed into the transmitter and 
receiver and stored internally This allows a common 
bus from a computer to easily maintain the controls 
for a large number of transmitter/ receivers. 



(D 
0) 



TRANSMITTER 
STATUS 



RECEIVER 
STATUS 




DATA ERROR FLAGS 



asynchronous' 

SERIAL 
DATA 



PARALLEL 
DATA '4 
OUT 

RECEIVER 
CLOCK 



RECEIVER 
STATUS 




RECEIVER CLOCK 



parallel data 
— ►out 



PARALLEL DATA 
' IN 



TRANSMITTER 
CLOCK 



TRANSMITTER 
STATUS 



Figures 



336 



The TR1602 data and error flag outputs are designed 
for direct compatibility with bus organized systems. 
This feature is achieved by providing completely TTL 
compatible Three-state outputs (no external com- 
ponents are required). Three-state outputs may be set 
to a logic one or logic zero when enabled, or set to an 
open circuit (very high impedance) when disabled. A 
separate control line is provided to enable the data 
outputs and another one to enable the error flags so 
that the data outputs can be tied to a separate bus 
from the flag outputs. 

The TR1602 Inputs are also directly compatible with 
TTL logic elements without any external compo- 
nents. TR1863 require pullups on inputs. 



TR1602 DESCRIPTION 

Figure 6 is a block diagram of the transmitter portion 
of the TR1602. Data can be loaded into the 
Transmitter Holding Register whenever the Transmit- 
ter Holding Register Empty (THRE) line is at a logic 
one, Indicating that the Transmitter Holding Register 
is empty. The data is loaded In by strobing the 
Transmitter Holding Register Load (THRL) line to a 
logic zero. The data is automatically transferred to 
the Transmitter Register as soon as the Transmitter 
Register becomes empty. The desired start, stop and 
parity bits are then added to the data and serial 
transmission is started. The number of stop bits and 
the type of parity bit is under control of the Control 
Register. The state of the control lines is loaded into 
the Control Register when the Control Register Load 
(CRL) line is strobed to a logic one. The 5 control 
lines allow 24 different character formats as shown in 
Table 1. These 24 formats cover almost all of the 
transmission schemes presently in use. 
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A Master Reset (MR) input is provided which sets the 
transmitter to the idle state whenever this line is 
strobed to a logic one. in addition, a Status Flag 
Disconnect (SFD) line is provided. When this signal is 
at a logic one, the THRE output is disabled and goes 
to a high impedance. This allows the THRE outputs 
of a number of arrays to be tied to the same data bus. 

Figure 7 illustrates the relative timing of the trans- 
mitter signals. After power turn-on, the master reset 
should be strobed to set the circuits to the idle state. 
The external device can then set the transmitter 
register data inputs to the desired value and after the 
data inputs are stable, the load pulse is applied. The 
data is then automatically transferred to the 
Transmitter Register where the start, stop and parity 
(if required) bits are added and transmission is 
started. This process is then repeated for each 
subsequent character as they become available. The 
only timing requirement for the external device is that 
the data inputs be stable during the load pulse (and 
20 nsec after). 



The TR1602 Transmitter output will have less than 
1% Distortion at baud rates of up to 20K baud 
(assuming the Transmitter Register Clock is perfect) 
and is, therefore, compatible with virtually all other 
asynchronous receivers. 

Figure 8 is a block diagram of the Receiver portion of 
the TR1602. Serial asynchronous data is provided to 
the Receiver Input (Rl). A start bit detect circuit 
continually searches for a logic one to logic zero 
transition while In the idle state. When this transition 
is located, a counter is reset and allowed to count 
until the center of the start bit is located. If the Input 
is still a logic zero at the center, the signal is 
assumed to be a valid start bit and the counter 
continues to count to find the center of ail sub- 
sequent data and stop bits. (Verification of the start 
bit prevents the receiver from assembling an 
erroneous data character when a logic zero noise 
spike is presented to the Receiver Input). The Re- 
ceiver is under control of the Control Register de- 
scribed in the previous paragraph. This register 
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Figure 7. Transmitter Timing Diagram 



controls the number of data bits, number of stop bits, 
and the type of parity as described in Table 1. The 
word length gating circuit adjusts the length of the 
F^eceiver Register to match the length of the data 
characters. A parity check circuit checks for even or 
odd parity if parity was added by the Transmitter. If 
parity does not check a Parity Error signal will be set 
to a logic one and this signal will be held until the 
next character Is transferred to the Holding Register. 
A circuit Is also provided that checks the first stop bit 
of each character. If the stop bit Is not a logic one, the 
Framing Error line will be set to a logic one and held 
until the next character Is transferred to the Holding 
Register. This feature permits easy detection of a 
break character (null character with no stop element). 



As each received character is transferred to the 
Holding Register, the Data Received (DR) line is set to 
a logic one indicating that the external device may 
sample the data output. When the external device 
samples the output, it should strobe the Data 
Received Reset (DRR) line to a logic zero to reset the 
DR line. If the DR line Is not reset before a new 
character is transferred to the Holding Register (i.e., a 
character Is lost) the Overrun Error line will be set to a 
logic one and held until the next character Is loaded 
Into the Holding Register. The timing for all of the 
Receiver functions Is obtained from the external 
Receiver Register Clock which should be set at 16 
times the baud rate of the transmitter. 
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Figure 9 illustrates the relative timing of the Receiver 
signals. A Master Reset strobe places the unit In the 
idle mode and the Receiver then begins searching for 
the first start bit. After a complete character has been 
decoded, the data output and error flags are set to 
the proper level and the Data Received (DR) line is set 
to a logic one. Although it is not apparent in Figure 9, 
the data outputs are set to the proper level one half 
clock period before the DR and error flags, which are 
set in the center of the first stop bit. The Data 
F^eceived Reset pulse resets the DR line to a logic 
zero. Data can be strobed out at any time before the 
next character has been disassembled. 

The TR1602 Receiver uses a 16X clocl< for timing 
purposes. Furthermore, the center of the start bit is 
defined as clock count 7-1/2. Therefore, if the receiver 
clock is a symmetrical square wave as shown in 
Figure 10, the center of the bits will always be 
located within ±3.125% (assuming a perfect input 
clock) thus giving a receiver margin of 46.875%. 



In Figure 10, the start bit could have started as much 
as one complete clock period before it was detected, 
as indicated by the shaded area of the negative going 
transition. Therefore, the exact center is also 
unknown by the shaded area around the sample 
point. This turns out to be ±1/32 = ±3.125%. 

If the receiver clock is not perfect, then the receiver 
distortion margin must be further reduced. For 
example, if the clock had 1.0% jitter, 0.1% offset and 
the positive clock pulse was only 40% of the clock 
cycle; then, for a 10 element character, the clock 
would add: 

1.0% + (0.1% X 10) + 0.1 (1/16) = 2.3% Distortion 



(Jitter) 



(Offset) (Non-symmetrical 



(The frequency offset was multiplied by the number 
of elements per character since the offset is 
cumulative on each element. 
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Since a clock with these characteristics is very easy 
to obtain, it is apparent that a receiver operating 
margin of siightiy over 45% is very easy to achieve 
when using the TR1602. Furthermore, this margin is 
sufficient for virtuaiiy aii existing transmitters and 
modems presently in use. 

The TR1602 also begins searching for the next start 
bit exactly in the center of the first stop bit so that 
minimum character distortions of up to 50% can be 
accepted. 

A break character (null character without a stop bit) 
will lock the receiver up since It will not begin looking 
for the next start bit until a stop bit has been 
received. 



TYPICAL TR1602 APPLICATION 

The TR1602 is ideally suited for use in distributed 
computer networks such as Is Illustrated in Figure 
11. One of the primary purposes of the communica- 
tions controller is to assemble and disassemble the 
asynchronous characters (required for communica- 
tion with the data terminals) to/from the parallel data 
format required by the host computer. Often the com- 
munications controller is a micro-computer and char- 
acter assembly/disassembly is performed by the 
software. When this is the case, the micro-computer 
must be interrupted at a rate equal to 8 to 16 times 
the baud rate of all temninais being handled by the 
controller. (The actual inten'upt rate depends on the 
amount of distortion that can be experienced on the 
received characters). When the number of terminals 
exceeds 8 to 16, even the most powerful micro-com- 
puters become overloaded due to the high interrupt 
rate and the complex algorithms required by the 
software. 

The TR1602 greatly reduces this problem by per- 
forming the character assembly/disassembly func- 
tions in external hardware as shown in a typical 
configuration in Figure 12. This solution not only 
reduces the intenrupt rate by a factor of up to 176, but 



it also greatly reduces the micro-computer load, thus 
freeing it for other functions. 

Since the TR1602 inputs and outputs are TTL com- 
patible, the TR1602 interfaces directly with virtually 
all micro-computer I/O busses. In Figure 12, the 
micro-computer Data Output Bus is connected to the 
Transmitter Register (TR) inputs and the Control 
Register inputs. When the micro-computer has a 
character to transmit, the character is placed on the 
Data Output bus and the address of the appropriate 
TR1602 is placed on the Device Address Bus. The 
Address Decode circuit will output a THRL load 
pulse under control of the Data Out Strobe from the 
micro-computer. When the control register should be 
changed, a new 5 bit control word is placed on the 
Data Output Bus and along with an appropriate 
device address which is converted to a CRL load 
pulse in the Address Decode circuits, again under 
control of the Data Out Strobe. A THRE Pulse to the 
Interrupt Request circuit will notify the micro- 
computer when a new character may be provided to 
the TR1602 for transmission. 

When a character has been received, a DR signal to 
the Interrupt Request circuit will request an interrupt 
from the micro-computer The micro-computer will 
respond by setting the proper device address and 
provide a Data in Strobe pulse. The Address-Decode 
circuit then sets the RRD line and SFD line to the 
appropriate receiver to enable the Data Outputs onto 
the mini Data Input Bus. The Data in Strobe from the 
micro-computer then resets the DR signal with a 
DRR pulse from the Address Decode circuit. 

The TR1602 Transmitter Output (TRO) and Receiver 
Input (Rl) must generally be converted to RS232 
levels if they interface with a modem as shown In 
Figure 12. RS232 is a standard that has been 
established by the Electronic Industries Association 
for the interface between data terminals and data 
communications equipment. RS232-C defines a 
space as greater than 3 volts and a mark as less than 
negative 3 volts at the Receiver input. A transmitter 
output of between 5 and 15 volts is a space while a 
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Figure 11. 



level between - 5 and - 15 is a mark. The Input/out- 
put impedances and signal rise and fall times are 
also specified by RS232. Fairly simple discrete level 
translators can be used to convert from the TTL 
levels to the RS232 levels, or monolithic IC's are also 
available. 

See page 725 for ordering information. 



It should be noted that the typical application 
illustrated in Figure 12 is only one of many and It 
does not take advantage of many of the TR1602 
features. For example, the Status Flags could be tied 
to a separate interrupt request bus or the TRE output 
could be used to implement half-duplex operation. 
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TR1602yTR1863n'R1865 Application Notes 



WESTERN DIGITAL 

CORPORATfON 

WD1983(BOART) 
Bus Oriented Asynchronous Receiver/Transmitter 



FEATURES 

ASYNCHRONOUS MODE 

« FULL DUPLEX OPERATION 

» SELECTABLE 5,6,7, & 8 BIT CHARACTERS 

» LINE BREAK DETECTION AND GENERATION 

« 1, IV2, or 2 STOP BIT SELECTION 

« FALSE START BIT DETECTION 

« OVERRUN AND FRAMING ERROR DETECTION 

« DC TO 36K BITS/SEC (16X) 

o DC TO 600K BITS/SEC (1X) 

» 8251/8251 A ASYNCHRONOUS ONLY REPLACEMENT 
« REQUIRES NO ASYNCHRONOUS SYSTEM CLOCK 
« 28 PIN PLASTIC OR CERAMIC 
• +5 VOLT ONLY 

SYSTEM COMPATIBILITY 

o DOUBLE BUFFERING OF DATA 

o 8 BIT BI-DIRECTIONAL BUS FOR DATA, STATUS, AND 

CONTROL WORDS 
e ALL INPUTS AND OJJTPUTS TTL COMRATIBLE 
o CHIP SELECT, RE, WE, C/D INTERFACE TO CPU 
o ON-LINE DIAGNOSTIC CARABILITY 
o THREE STATE DATA BUS 



BAUD RATE-DC TO 36K BITS/SEC (16X) 
SELECTABLE CLOCK RATES 

• 1X, 16X, 64X, BAUD RATE CLOCK INPUTS 

• UP TO 47% DISTORTION ALLOWANCE 
WITH 64X CLOCK 



APPLICATIONS 

ASYNCHRONOUS COMMUNICATIONS 
SERIAL/PARALLEL INTERFACE 



GENERAL DESCRIPTION 

The WD1983 is an N channel silicon gate MOS/LSI device 
that interfaces a digital asynchronous channel with a parallel 
channel. It is available in a ceramic or plastic standard 28 pin 
dual in line paclcage. 

The WD1983 is a fully programmable microprocessor I/O pe- 
ripheral with two control registers and a status register. It is 
capable of full duplex operations. 
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PIN 
NUMBER 


PIN NAME 


SYMBOL 


FUNCTION 


1,2, 5, 
6, 7, 8, 
27,28 


DATA BUS 


D0THRUD7 


These are input/output pins. Data on the DATA BUS is 
written into the selected register during a WRITE 
operation. During a READ operation, the DATA BUS is 
driven by data in the selected register. When not 
selected, (CS high), these pins are in a high im- 
pedance state. 


3 


RECEIVE DATA 


RXD 


This input is the received serial data. 


4 


POWER GND 


Vcc 




9 


TRANSMIT CLOCK 


fxc 


This input is the source clock for transmission. 
MODE INSTRUCTION word bits MRO & MR1 control 
1X, 16X, or64X, times the transmitted bit rate. 


10 


WRITE ENABLE 


WE 


This input, when low, writes the data on the DATA 
BUS into the addressed register. 


11 


CHIP SELECT 


CS 


This input, when low, enables READ or WRITE 
operations. 


12 


CONTROL/ DATA 


C/D 


This input selects the CONTROL or DATA register. It 
Is used In conjunction with a READ or WRITE enable. 


13 


READ ENABLE 


RE 


This input, when low, accesses the contents of the 
addressed register 


14 


RECEIVER READY 


RXRDY 


This output is set low after MASTER RESET When 
set high it indicates that the receiver has assembled 
a character and transferred it to the RECEIVER 
HOLDING REGISTER. It is automatically reset when 
the RECEIVER HOLDING REGISTER Is read. 


15 


TRANSMIT READY 


TXRDY 


This output is set high after MASTER RESET It in- 
dicates that the transmitter is ready to accept a 
character and is automatically reset whenever a 
character is written into the TRANSMITTER 
HOLDING REGISTER. 


16 


BREAK DETECT 


BRKDET 


This output Is reset after MASTER RESET It is set 
high when the receiver detects a string of zeros equal 
lu iiio pruyiamiiicu uneireidor lonyin intfiuQiny oiori, 
parity and stop bits. Upon detecting a valid one data 
bit it's reset. Assembly of the next character is begun 
after detecting a valid start bit. 
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PIN 
NUMBER 


PIN NAME 


SYMBOL 


FUNCTION 


17 


CLEAR TO SEND 


cfs 


This input is set low to enable the transmitter. When 
set high it disables transmission. If the transmitter is 
transmitting a character, it will terminate trans- 
mission after the TRANSMITTER REGISTER is 
empty. 


18 


TRANSMIT EMPTY 


TXE 


This output is set high after MASTER RESET and is 

AiitnmAticflllx/ rpQAt u/hAn a charaptpr xA/rittAn intn 

the TRANSMITTER HOLDING REGISTER. It returns 
high at the end of a transmitted character indicating 
the end of transmission If the TRANSMIT HOLDING 
REGISTER has not been loaded. 


19 


TRANSMIT DATA 


TXD 


This output is the transmit serial data. When no data 

1^ hninn tran<$mittP(i nr aftpr MAf^TFR RFf^FT fhl^ 

lo i/^iii^ 11 oil loi 1 II iiou wi cii iwi ivir^vj 1 ^1 1 1 11 w& 1 J iiiio 

output is high (a marl<ing condition). COMMAND 
CONTROL word bit 3 is used to program a break 
condition by forcing the TXD output to a low (spacing 

condition). 


20 




NC 


No internal connection, pin not used. 


21 


MASTER RESET 


MR 


This input, when high, initializes the device and 
clears the COMMAND and MODE REGISTERS. 


22 


DATA SET READY 


DSR 


This Is a general purpose input which is sensed in 
STATUS REGISTER bit #7. 


23 


REQUEST TO SEND 


RTS 


This is a general purpose output which is set and 
cleared by COMMAND word bit CR5. It is reset after 
MASTER RESET 


24 


DATA TERMINAL READY 


DTR 


This is a general purpose output which is set and 
cleared by COMMAND word bit CR1. It is reset after 
MASTER RESET 


25 


RECEIVE CLOCK 


RXC 


This Input is the receiver clock. MODE IN- 
STRUCTION word bits MRO & MR1 control whether 
this input is IX, 16X or64X times the received bit rate. 


26 


POWER SUPPLY 


vcc 


+ 5 Volts 
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ORGANIZATION 

The WD1983 Block Diagram is illustrated on Page 1. The 
WD1983 (BOART) is an eight bit bus-oriented device. Com- 
munication between the BOART and the controlling CPU oc- 
curs via the 8 bit DATA BUS. There are 2 accessible DATA 
REGISTERS, which buffer Transmit and Receive DATA. They 
are the TRANSiVIIT HOLDING REGISTER and the RECEIVE 
HOLDING REGISTER. There is a parailel-to-serial shift reg- 
ister (the TRANSMIT REGISTER) and a serial-to-parallel shift 
register (the RECEIVE REGISTER). 

Operational control and monitoring of the BOART is per- 
formed by two CONTROL REGISTERS (the COMMAND IN- 
STRUCTION REGISTER and the MODE INSTRUCTION 
REGISTER) and the STATUS REGISTER. 

A READ/WRITE control circuit allows monitoring/program- 
ming or reading/loading in the CONTROL, STATUS or HOLD- 
ING REGISTERS by activating the_appropriate control lines: 
Chip Select (CS), Read Enable (RE), Write Enable (WE) and 
Control or Data Select (C/D). 

Internal control of the BOART is by means of two internal MI- 
CROCONTROLLERS; one for transmit and one for receive. 
The CONTROL REGISTERS, MODEM CONTROL LOGIC, 
READ/WRITE CONTROL LOGIC and various counters pro- 
vide inputs to the MICROCONTROLLERS, which generate the 
necessary control signals to send and receive serial data ac- 
cording to the prograrnmed asynchronous format. 



OPERATING DESCRIPTION 

The WD1 983 (BOART) is primarily designed to operate in an 
8 bit microprocessor environment, although other control logic 
schemes are easily implemented. The DATA BUS and the In- 
terface Control Signals (CS, C/D, RE and WE) should be con- 
nected to the microp roces sor' s data bus and system control 
bus. The appropriate TXC and RXC clock frequencies should 
be selected for the particular application using a programma- 
ble baud rate generator such as the BR1941. 



For typical data communication applications, the RXD and 
TXD input/outputs can be connected to RS-232C interface cir- 
cuits or a modem. 

The TXRDY, RXRDY, TXE and BRKDET Flags may be con- 
nected to the microprocessor system as interrupt inputs or the 
STATUS REGISTER can be periodically read in a polled en- 
vironment to support BOART operations. 

MODEM CONTROL SIGNA LS c an be configured several 
ways as the DTR, RTS and DSR signals are controlled and 
sensed by the CPU through the COMMAND and STATUS 
REGISTERS. The CTS input is used to synchronize the trans- 
mitter to external events. 

The SBRK bit of the COMMAND REGISTER (CR3) is used to 
send a Break Character. (A break character is defined as a 
start bit, and all zero data, parity and stop bits). When the CR3 
bit is set to a "1", it causes the transmitter output, TXD, to be 
forced low after the last word is transmitted. 



READ/WRITE OPERATIONS 

The WD1983 must be initialized after a MASTER RESET 
pulse by first writing the MODE INSTRUCTION word and then 
the COMMAND INSTRUCTION word. Thereafter, every con- 
trol write to the device is interpreted as a COMMAND word. If 
it is desired to re-program the MODE REGISTER, a COM- 
MAND REGISTER bit, INTERNAL RESET (CR6), allows the 
next control write data to be entered Into the MODE 
REGISTER. 

The WD1983 registers are accessed according to the follow- 
ing table: 













CS C/D 


RE 


WE 


REGISTERS SELECTED 


L 


L 


L 


H 


Read RECEIVE HOLDING REGISTER 


L 


L 


H 


L 


Write TRANSMIT HOLDING REGISTER 


L 


H 


L 


H 


Read STATUS REGISTER 


L 


H 


H 


L 


Write CONTROL REGISTER 


H 


X 


X 


X 


DATA BUS tri-stated 



The receiver is equipped with logic to look for a break char- 
acter. When a break character is received, the BREAK DE- 
TECT (BRKDET) FLAG and STATUS bit are set to logic "1". 
When the receiver input line goes high again for the least "one 
data bit time," the receiver resets the BREAK DETECT FLAG 
and resumes its search for a start bit. 



C/D= H 

C/D= L 
0/5"= H 
C/F= L 
0/0= H 



MODE INSTRUCTION WORD 



COMMAND INSTRUCTION WORD 



DATA 
CHARACTER(S) 



COMMAND INSTRUCTION WORD 



DATA 
CHARACTER(S) 



COMMAND INSTRUCTION WORD 



TYPICAL DATA BLOCK TRANSFER 



Note: "L" means V|l at pins 
"H" means Vm at pins 
"X" means don't care 
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MODE INSTRUCTION CONTROL WORD FORMAT 



MR7 


MR6 


MRS 


MR4 


MR3 


MR2 


MR1 


MRO 



No. of STOP bits: 

00 = invalid 

01 = 1 bit 

10 = 11/2 bits 

11 = 2 bits 



y 



EVEN 
PARITY 
GENERATION/ 

ctiecl<: 
1 = even 
0 = odd 



PARITY 
ENABLE: 
1 = enable 
0 = disable 



CHARACTER 
LENGTH: 

00 = 5 bits 

01 = .6 bits 
10 = 7 bits 
11=8 bits 



I 

BAUD RATE 
FACTOR: 

00 = invalid 

01 = XI 

10 = X16 

11 = X64 



COMMAND INSTRUCTION CONTROL WORD FORMAT 



CR7 


CR6 


CR5 


CR4 


CR3 


CR2 


CR1 


CRO 


DON'T 




INTERNAL 


REQUEST 


ERROR 


SEND 


RECEIVE 


DATA 


TRANSMIT 


CARE 




RESET 


TO SEND 


RESET 


BREAK 


ENABLE 


TERMINAL 


ENABLE 






(IR) 


(RTS): 


(ER): 


CHARACTER 

(SBRK): 


(RXE): 


READY 

(DTR): 


TXEN: 






1 = returns 


1 = forces RTS 


1 = resets PE, 




1 = enable 




1 = enable 






WD1983 to 


output low 


OE & FE error 


1 = forces TXD 


receiver 


1 = forces DTR 


transmitter 




mode instruction 




flags 


output low 




output low 








word format 


0 = forces 






0 = disable 




0 = disable 








RTS output 


0 = normal 


0 = normal 


receiver 


0 = forces 


transmitter 








liigh 


operation 


operation 




DTR output 





STATUS WORD FORMAT 



SR7 


SR6 


SR5 


SR4 


SR3 


SR2 


SRI 


SRO 


DSR 


BRKDET 


FRAMING 


OVERRUN 


PARITY 


TXE 


RXRDY 


TXRDY 


(SEE NOTE) 


(SEE NOTE) 


ERROR 


ERROR 


ERROR 


(SEE NOTE) 


(SEE NOTE) 


(SEE NOTE) 






(FE): 


(OE): 


(PE): 












1 = invalid 


1 = CPU 


1 = parity error 












stop bit detected did not read 


detected 












at the end 


the character 














of the character 


before the 


0 = No 














next one 


Parity error 












0 = No 


became 


detected 












framing error 


available 


(Reset by CR4) 









detected 
(Reset by CR4) 



overrun error 

detected 
(Reset by CR4) 



FE, OE & PE FLAGS DO NOT INHIBIT OPERATION. NOTE: 

THESE FLAGS ARE STATUS ONLY. SRO, SRI, SR2, SR6, and SR7 

HAVE IDENTICAL MEANINGS AS THE 
EXTERNAL OUTPUT PINS. 
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ABSOLUTE MAXIMUM RATINGS 

Vdd with Respect to Vss (Ground) + 1 5 to - O.SV 
Max. Voltage to any 

Input with Respect to Vss + 20 to - 0.3V 

Power Dissipation 1000 MW 



OPERATING CHARACTERISTICS 

Ta = O^C to 70''C, Vcc = + 5 ± .25V, Vss = ov 



Storage Temp. 

Ceramic •65°C to + ISO^C ('E' Package) 
Plastic -aS-C to + 1 25°C ('F Package) 



SYMBOL 


CHARACTERISTIC 


MIN 


TYP 


MAX 


UNITS 


CONDITIONS 


li 1 
'LI 


Input Leakage 






10 


ju.A 


\/lKI S \/^^ 

*IN *CC 


'dl 


Data Bus Leakage 






50 


fnA 


Data Bus is 

in high impedence 

state 


'CC 

AVE 


Vcc Supply Current 




45 


80 


mA 


5.25 VDC/fcLK = 
600 kHz No Loads. 


V|H 


Input High Voltage 


2.4 




0.8 


V 




V|L 


Input Low Voltage (All Inputs) 


-0.3 






V 




vqh 
Vol 


Output High Voltage 
Output Low Voltage 


2.4 




0.45 


V 
V 


IQ = ~ 100jU,A 
(source) 

lO = 1 .6 mA 
(sink) 



TABLE 1 WD1983 DC CHARACTERISTICS 



FIGURE 3 INPUT WAVEFORMS FOR AC TESTS 

NOTE: ALL WAVEFORMS ARE MEASURED AT 2.0V IF RISING EDGE, AND 0.8V IF FALLING EDGE. 
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VOH 

Vol 



V|H 



RE V|H 



V 



•Tar- 



Tre 



o 

CD 
00 
CO 
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FIGURE 4 READ TIMING 



C/D 



V|H 
V|L 

V|H 
V|L 
V|H 
V|L 



V 



Taw TwE 



^T^VA^ 



FIGURE 5 WRITE TIMING 



NOTE: 



8251 A COMPATIBILITY 



The WD1983 (BOART) is an asynchronous only device, which is compatible with the 
8251 A. However, in test evaluation and application, the foiiowing differences should be noted: 

(1) The WD1983 utilizes the transmit and receive baud clocks in their re- 
spective internal logic sections instead of the system clock normally applied 
to Pin 20 on the 8251 A. This Pin on the WD1983 is not used. 

(2) As a result of the above condition, timings referenced to the system clock 
period in the 8251 A specification are now specified in absolute time units 
or with respect to the transmit or receive baud clock. 
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AC Electrical Characteristics 

Ta = 0°C to + 70°C; Vcc = 5.0 V ± 5%; GND = 0 V 


SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


TEST 
CONDITIONS 


BUS PARAMETERS 
READ CYCLE 


tAR 


Address Stable Before RE (CS,C/D) 


50 




ns 




tRA 


Address Hold Time for RE {C5,C/D) 


5 




ns 




tRE 


RE Pulse Width 


350 




ns 




Ird 


Data Delay from RE 




200 


ns 


Cl = 50pF 


tRDH 


RE to Data Floating 


25 


200 


ns 


CL(Max) = 50pF 
CL(Min) = 15pF 


WRITE CYCLE 


tAW 


Address Stable Before WE 


20 




ns 




tWA 


Address Hold Time for WE 


20 




ns 




%E 


WE Pulse Width 


350 




ns 




tos 


Data Set-Up Time for WE 


200 




ns 




tWDH 


Data Hold Time for WE 


40 




ns 




OTHER TIMINGS 


^DTX 


TXD Delay from Failing Edge of TXC 




200 


ns 


Cl = 100pF 


tSRX 


RX Data Set-Up Time to Sampling Pulse 


200 




ns 


Cl = 100pF 


tHRX 


RX Data Hold Time to Sampling Pulse 


100 




ns 


Cl= 100pF 


*TX 1 


Transmitter input Cioci< Frequency 
1X Baud Rate 
16X and 64X Baud Rate 


DC 
DC 


500 
600 


kHz 
kHz 




tTPW 


Transmitter Input Clock Pulse Width 
IX Baud Rate 
16X and 64X Baud Rate 


1.0 
500 




^ls 
ns 





TABLE 2 WD1983 AC CHARACTERISTICS (CONTINUED) 
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SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


TEST 
CONDITION 


♦tpd 


Transmitter Input Clock Pulse Delay 
1X Baud Rate 
16X and 64X Baud Rate 


1.0 
, 800 




fJLS 

ns 






Receiver Input Clock Frequency 
1X Baud Rate 
16X and 64X Baud Rate 


DC 
DC 


500 
600 


kHz 
-kHz 




tRPW 


Receiver Input Clock Pulse Width 
1X Baud Rate 
16X and 64X Baud Rate 


1.0 
500 




fJiS 

ns 




tRPD 


Receiver Input Clock Pulse Delay 
1X Baud Rate 
16X and 64X Baud Rate 


1.0 
800 




IJLS 

ns 




♦tx 


TXRDY Delay from Center of Data Bit 




8 


tRXC 


Cl = 50pF(16X) 


tRX 


RXRDY Delay from Center of Data Bit 




1/2 


*RXC 




Us 


Internal BRKDET Delay from Center of 
Data Bit 




1 


*RXC 




*TRD 


TXRDY Delay from Falling Edge of WE 




1 


tTXC 




*TOD 


TXD Output from Falling Edge of WE 




2 


^TXC 




twc 


Control Delay from Rising Edge of We 
/nxo DTe\ 




400 


ns 




♦CR 


Control to RE Set-Up Time (DSR, CTS) 




500 


ns 





TABLE 2 WD1983 AC CHARACTERISTICS 



At f (max), the duty cycle should be 50%. At less than f 
(max), the minimum pulse width for the high or low half is 
1 

2»f .^^(max) 

Hence, at frequencies less than f tx (max), the required duty 
cycle will be less stringout than 50%. 
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FIGURE 6 

TRANSMITTER OUTPUT TIMINGS WITH RESPECT TO TRANSMIT CLOCK 
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READ 


C/DCS 


AND 




WRITE 




TIMING 




(READ 


D7-D0 


AND 


WE 


WRITE 


TIMINGS 




ARE NOT 


RE 


RELATED 




TO ANY 


WE 


CLOCKS) 






TXE.DfR.RTS 







^ i'DW. 



Z3e 

■ <WD M 



tAFI. 



3C 



A. 



'ho 'of 



tRB H 



twc — »^ 

^ 



■< tCR ►! 





J- 



TRANSMITTER 

CLOCK 

AND 

DATA 

TIMING 




yzzrz X 



RECEIVER 

CLOCK 

AND 

DATA 

TIMING 



RXC (1 X CLOCK) 

INTERNAL 

SAMPLING 
PULSE 



•SRX 



'hrx 



'♦'a RXC PERIODS" 



INTERNAL 
SAMPLING , 
PULSE ' 



16 RXC PERIODS 



JL 



TXRDY 
AND 
RXRDY 
TIMING 



~\ START BIT I DATA BITS 



I RARITY Brn STOP BIT 1 START BIT J" 

'rx ~H •< — 






Itx 



WRITE 1st CHARACTER WRITE 2nd CHARACTER 



START BIT I DATA BIT 



u 

WRITE 3rd CHARACTER 
I R^RITYBIT I STOPBTT | START BIT I 



-Isl DATA CHARACTER • 



> | < « 2nd DATA CHARACTER 



FIGURE 7 SYSTEM TIMING DIAGRAMS 
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See page 725 for ordering information. 



Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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Primed in USA 



WESTERN DIGITAL 

CORPORAT/ON 

WD8250 Asynchronous Communications Element 



FEATURES 

• Designed to be Easily Interfaced to Most Pop- 
ular Microprocessors (Z-80, 8080A, 6800, etc.) 

• Full Double Buffering 

• Independently Controlled Transmit, Receive, 
Line Status, and Data Set Interrupts 

• Programmable Baud Rate Generator Allows 
Division of Any Input Clock by 1 to (2^* - 1) 
and Generates the Internal 16x Clock 

• Independent Receiver Clock Input 

• Fully Programmable Serial-Interface 

Characteristics 

—5-, 6-, 1', or 8-Bit Characters 

—Even, Odd, or No-Parity Bit Generatioh and 

Detection 
— 1-, IVa-, or 2-Stop Bit Generation 
— Baud Rate Generation (DC to 56K Baud) 

• False Start Bit Detector 

• Complete Status Reporting Capabilities 

• THREE-STATE TTL Drive Capabilities for Bi- 
directional Data Bus and Control Bus 

• Line Break Generation and Detection 

• Internal Diagnostic Capabilities 

— Loopback Controls for Communications 

Link Fault Isolation 
—Break, Parity, Overrun, Framing Error 

Simulation 



• Full Prioritized Interrupt System Controls 

• Single -i- 5-Volt Power Supply 

GENERAL DESCNiPTION 

The WD8250 is a programmable Asynchronous 
Communication Element (ACE) in a 40-pin pack- 
age. The device is fabricated in N/MOS silicon 
gate technology. 

The ACE is a software-oriented device using a 
three-state 8-blt bi-directional data bus. 

The ACE Is used to convert parallel data to a serial 
format on the transmit side, and convert serial 
data to parallel on the receiver side. The serial 
format, in order of transmission and reception, is 
a start bit, followed by five to eight data bits, a 
parity bit (if programmed) and one, one and one 
half (five bit format only) or two stop bits. The 
maximum recomdnended data rate is 56K baud. 

Internal registers enable the user to program 
various types of interrupts, modem controls, and 
character formats. The user can read the status of 
the ACE at any time monitoring word conditions, 
interrupts and modem status. 

An additional feature of the ACE is a program- 
mable baud rate generator that is capable of 
dividing an internal XTAL or TTL signal clock by a 
division of 1 to 2^^ - 1. 

The ACE is designed to work in either a polling or 
interrupt driven system, which is programmable 
by users software controlling an internal register. 
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PIN CONNECTIONS 



PARALLEl I O 



SELECT AN 
CONTROL 
LOGIC 



TDANSMITTER 



MODEM 
CONTROL 
AND STATUS 
LOGIC 



MODEM- CONTROL 
FUNCTIONS 
TO FROM MODEM 
OR DATA SET 



INTERRUPT 
ENABLE AND 
CONTROL 



WD8250 GENERAL SYSTEM CONFIGURATION 
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PIN DEFINITIONS 



PIN 
NUMBER 


PIN NAME 


SYMBOL 


FUNCTION 


1-8 


DATA BUS 


D0-D7 


3-state Input/output lines. Bi-directional com- 
munication lines between WD8250 and Data Bus. 
All assembled data TX and RX, control words, and 
status information are transferred via the D0-D7 
data bus. 


9 


RECEIVE CLK. 


RCLK 


This input is the 16X baud rate clocl< for the 
receiver section of the chip (may be tied to 
BAUDOUT pin 15). 


10 


SERIAL INPUT 


SIN 


Received Serial Data In from the communications 
link (Peripheral device, modem or data set). 


11 


SERIAL OUTPUT 


SOUT 


Transmitted Serial Data Out to the communication 
link. The SOUT signal is set to a (logic 1) marking 
condition upon a MASTER RESET. 


12 
13 
14 


CHIP SELECT 
CHIP SELECT 
CHIP SELECT 


CSO 
CS1 
CS2 


When CSO and CS1 are high, and CS2 is low, chip 
is selected. Selection is complete when the ad- 
dress strobe ADS latches the chip select signals. 


15 


BAUDOUT 


BAUDOUT 


16X clock signal for the transmitter section of the 
WD8250. The clock rate is equal to the oscillator 
frequency divided by the divisor loaded into the 
divisor latches. The BAUDOUT signal may be used 
to clock the receiver by tying to (pin 9) RCLK. 


16 
17 


EXTERNAL CLOCK IN 
EXTERNAL CLOCK OUT 


XTAL1 
XTAL2 


These pins connect the crystal or signal clock to 
the WD8250 baud rate divisor circuit. See Fig. 3 
and Fig. 4 for circuit connection diagrams. 


18 
19 


DATA OUT STROBE 
DATA OUT STROBE 


DOSTR 
DOSTR 


When the chip has been selected, a low DOSTR or 
high DOSTR will latch data into the selected 
WD8250 register (a CPU write). Only one of these 
lines need be used. Tie unused line to its inactive 
state. DOSTR — high or DOSTR — low. 


20 


GROUND 


vss 


System signal ground. 


21 
22 


DATA IN STROBE 
DATA IN STROBE 


DISTR 
DISTR 


When chip has been selected, a low DISTR or high 
DISTR will allow a read of the selected WD8250 
register (a CPU read). Only one of these lines need 
be used. Tie unused line to its inactive state. 
DISTR — high or DISTR — low. 


23 


DRIVER DISABLE 


DDIS 


Output goes low whenever data is being read from 
the WD8250. Can be used to reverse data direction 
of external transceiver. 


24 


CHIP SELECT OUT 


CSOUT 


Output goes high when chip is selected. No data 
transfer can be initiated until CSOUT is high. 


25 


ADDRESS STROBE 


ADS 


When low, provides latching for register. Select 
(AO, A1 , A2) and chip select (CSO, CS1 , CS2) 

NOTE: An active ADS signal is required when the 
Register Select (AO, A1, A2) signals are not stable 
for the duration of a read or write operation. If not 
required, the ADS input can be tied permanently 
low. 
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PIN 
NUMBER 


PIN NAME 


SYMBOL 


FUNCTION 


26 
27 
28 


REGISTER SELECT A2 
REGISTER SELECT A1 
REGISTER SELECT AO 


A2 
A1 
AO 


These three inputs are used to select a WD8250 
internal register during a data read or write. See 
Table below. 


29 


NO CONNECT 


NC 


No Connect 


30 


INTERRUPT 


INTRPT 


Output goes high whenever an enabled interrupt 
is pending. 


31 


OUTPUT 2 


0UT2 


User-designated output that can be programmed 
by Bit 3 of the modem control register = 1, 
causes 0UT2 to go low. 


32 


REQUEST TO SEND 


RTS 


Output when low Informs the modem or data set 
that the WD8250 is ready to transmit data. See 
Modem Control Register. 


33 


DATA TERMINAL 
READY 


DTR 


Output when low informs the modem or data set 
that the WD8250 is ready to communicate. 


34 


OUTPUT 1 


0UT1 


User designated output can be programmed by Bit 
2 of Modem Control Register = 1 causes 0UT1 to 
go low. 


35 


MASTER RESET 


MR 


When high clears the registers to states as in- 
dicated in Table 1. 


36 


CLEAR TO SEND 


CTS 


Input from DCE indicating remote device is ready 
to transmit. See Modem Control Register. 


37 


DATA SET READY 


DSR 


Input from DCE used to indicate the status of the 
local data set. See Modem Control Register. 


38 


RECEIVED LINE 
SIGNAL DETECT 


RSLD 


Input from DCE indicating that it Is receiving a 
signal which meets its signal quality conditions. 
See Modem Control Register. 


39 


RING INDICATOR 


Ri 


Input, when low, indicates that a ringing signal is 
being received by the modem or data set. See 
Modem Control Register. 


40 


+ 5V 


vcc 


+ 5 Volt Supply. 



CHIP SELECTION AND REGISTER ADDRESSING 

Address Strobe (ADS pin 25): When low provides 
latching for register select (AO, A1, A2) and chip 
select (CSO, CS1,CS2). 

NOTE: An active ADS input is required when 
register select (AO, A1, A2) signals are not 
stable for th e du ration of a read or write 
operation. If ADS is not required for latch- 
ing, tie this input permanently low. 

Chip Select (CSO, CS1, CS2) pins 12-14: The 

definition of chip selected is CSO, CS1 both high 

and CS2 is low . C hip s election is complete when 

latched by ADS or ADS is tied low. 

Register Select (AO, A1 , A2) pins 26-28: To select a 

register for read or write operation, see Register 

Table. 

NOTE: (DLAB) Divisor Latch access bit is the MSB 
of the Line Control Register. DLAB must 
be programmed high logic 1 by the system 
software to access the Baud Rate Gen- 
erator Divisor Latches. 



DLAB 


A2 


A1 


AO 


Register 


0 


0 


0 


0 


Receiver Buffer (read), Transmitter 
Holding Register (write) 


0 


0 


0 


1 


Interrupt Enable 


X 


0 


1 


0 


Interrupt Identification (read only) 


X 


0 


1 


1 


Line Control 


X 


1 


0 


0 


MODEM Control 


X 


1 


0 


1 


Line Status 


X 


1 


1 


0 


MODEM Status 


X 


1 


1 


1 


None 


1 


0 


0 


0 


Divisor Latch (least significant byte) 


1 


0 


0 


1 


Divisor Latch (most significant byte) 



WD8250 OPERATIONAL DESCRIPTION 
Master Reset 

A high-level input on pin 35 causes the WD8250 to 
reset to the condition listed in Table 1. 

WD8250 Accessible Registers 

The system programmer has access to any of the 
registers summarized in Table 2. For individual 
register descriptions, refer to the following pages 
under register heading. 
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INTERNAL 




WD8250 BLOCK DIAGRAM 



Table 1. Reset Control of Registers and Pinout Signals 



Register/Signal 


Reset Control 


Reset State 


Receiver Buffer Register 


First Word Received 


Data 


Transmitter Holding Register 


Writing into the 
Transmitter Holding Register 


Data 


Interrupt Enable Register 


Master Reset 


All Bits Low 
(0-3 forced and 4-7 permanent) 


Interrupt Identification Register 


Master Reset 


Bit 0 is High and 
Bits 1-7 Are Permanently Low 


Line Control Register 


Master Reset 


All Bits Low 


MODEM Control Register 


Master Reset 


All Bits Low 


Line Status Register 


Master Reset 


All Bits Low, 
Except Bits 5 and 6 Are High 


Modem Status Register 


Master Reset 
MODEM Signal Inputs 


Bits 0-3 Low 
Bits 4-7 — Input Signal 


Divisor Latch (low/ order bits) 


Writing into the Latch 


Data 


Divisor Latch (high order bits) 


Writing into the Latch 


Data 


SOUT 


Master Reset 


High 


BAUDOUT 


Writing into either Divisor Latch 


Low 


CSOUT 


ADS Strobe Signal and State of 
Chip Select Lines 


High/Low 


DDIS 


DDIS = CSOUT . RCLK • DISTR 
(At Master Reset, the CPU 
sets RCLK and DISTR low.) 


High 


INTRPT 


Master Reset 


Low 



360 



OUT 2 


Master Reset 


High 


RTS 


Master Reset 


High 


DTR 


Master Reset 


High 


OUT 1 


Master Reset 


High 


D7-D0 Data Bus Lines 


In THREE-STATE Mode, 
Unless CSOUT . DISTR = High 
or CSOUT . DOSTR = High 


THREE-STATE 
Data (ACE to CPU) 
Data (CPU to ACE) 



Table 2. Summary of WD8250 Accessible Registers 





Register Address 


0 DLAB=0 


ODLAB=0 


1 DLAB=0 


2 


3 


4 


5 


6 


0DLAB--1 


1DLAB=1 


Bit 
No. 


Receiver 
Buffer 

Register 
(Read 
Only) 


Transmitter 
Holding 
Register 
(Write 

Only) 


Interrupt 
Enable 
Register 


Interrupt 
Identifi- 
cation 
Register 


Line 
Control 
Register 


MODEM 
Control 
Register 


Line 
Status 
Register 


MODEM 
Status 
Register 


Divisor 
Latch 
(LS) 


Divisor 
Latch 
(MS) 


0 


Data BitO* 


Data BitO* 


Enable 
Received 

Data 
Available 
Interrupt 

(ERBFI) 


"O" if 
Interrupt 
Pending 


Word 
Length 
Select 

Bit 0 
(WLSO) 


Data 
Terminal 
Ready 
(DTR) 


Data 
Ready 
(DR) 


Delta 
Clear to 

Send 
(DCTS) 


Bit 0 


Bit 8 


1 


Data Bit 1 


Data Bit 1 


Enable 
Trans- 
mitter 
Holding 
Register 
Empty 
Interrupt 
(ETBEI) 


Interrupt 
ID 
Bit (0) 


Word 
Length 
Select 

Bit 1 
WLS1) 


Request 
to Send 
(RTS) 


Overrun 
Error 
(OR) 


Delta 
Data Set 

Ready 
(DDSR) 


Bit 1 


Bit 9 


2 


Data Bit 2 


Data Bit 2 


Enable 
Receiver 
Line 

Status 
Interrupt 

(ELSI) 


Interrupt 
ID 
Bit (1) 


Number 
of Stop 
Bits 
(STB) 


Out 1 


Parity 
(PE)' 


Trailing 
Edge Ring 
Indicator 

(TERI) 


Bit 2 


Bit 10 


3 


Data Bit 3 


Data Bit 3 


Enable 
MODEM 

Status 
Interrupt 
(EDSSI) 


0 


Parity 
Enable 
(PEN) 


Out 2 


Framing 
Error 
(FE) 


Delta 
Receive 
Line Signal 
Detect 
(DSLSD) 


Bit 3 


Bit 11 


4 


Data Bit 4 


Data Bit 4 


0 


0 


Even 
Parity 
Select 
(EPS) 


Loop 


Breal< 
Interrupt 
(Bl) 


Clear to 
Send 
(CTS) 


Bit 4 


Bit 12 


5 


Data Bits 


Data Bit 5 


0 


0 


Sticl< 
Parity 


0 


Trans- 
mitter 
Holding 
Register 
Empty 
(THRE) 


Data 

Set 
Ready 
(DSR) 


Bit 5 


Bit 13 


6 


Data Bite 


Data Bite 


0 


0 


Set Breal< 


0 


Trans- 
mitter 
Shift 
Register 
Empty 
(TSRE) 


Ring 
Indicator 
(Rl) 


Bit 6 


Bit 14 


7 


Data Bit 7 


Data Bit 7 


0 


0 


Divisor 
Latch 
Access 

Bit 
(DLAB) 


0 


0 


Received 
Line 
Signal 
Detect 
(RLSD) 


Bit 7 


Bit 15 



'Bit 0 is the least significant bit. It is the first bit serially transmitted or received. 
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Line Control Register 

^ Bits 0 and 1: These two bits specify the number of 
O bits in each transmitted or received serial character. 
P? The encoding of bits 0 and 1 is as follows: 



S 



Bit 1 


Bit 0 


Word Length 


0 


0 


5 Bits 


0 


1 


6 Bits 


1 


0 


7 Bits 


1 


1 


8 Bits 



Bit 2: This bit specifies the number of stop bits in 
each transmitted or received serial character. If bit 
2 is a logic 0, 1 Stop bit is generated or checked in 
the transmit or receive data, respectively. If bit 2 is a 
logic 1 when a 5-bit word length is selected via bits 0 
and 1 , 1 72 Stop bits are generated or checked. If bit 2 
is a logic 1 when either a 6-, 7-, or 8-bit word length is 
selected, 2 Stop bits are generated or checked. 

Bit 3: This bit is the Parity Enable bit. When bit 3 is a 
logic 1, a Parity bit is generated (transmit data) or 
checked (receive data) between the last data word 
bit and Stop bit of the serial data. (The Parity bit is 
used to produce an even or odd number of Is when 
the data word bits and the Parity bit are summed.) 

Bit 4: This bit is the Even Parity Select bit. When bit 3 
is a logic 1 and bit 4 is a logic 0, an odd number of 
logic 1s is transmitted or checked in the data word 
bits and Parity bit. When bit 3 is a logic 1 and bit 4 is a 
logic 1, an even number of bits is transmitted or 
checked. 

Bit 5: This bit is the Stick Parity bit. When bit 3 is a 
logic 1 and bit 5 is a logic 1 , the Parity bit is transmit- 
ted and then detected by the receiver in the opposite 

state indicated by bit 4. 

Bit 6: This bit is the Set Break Control bit. When bit 6 
is a logic 1, the serial output (SOUT) is forced to the 



Table 3. Baud Rates Using 1.8432 MHz Crystal. 



Desired 


Divisor Used 


Percent Error 


Baud 


to Generate 


Difference Between 


Rate 


16x Clocl( 


Desired and Actual 


50 


2304 




75 


1536 




110 


1047 


0.026 


134.5 


857 


0.058 


150 


768 




300 


384 




600 


192 




1200 


96 




1800 


64 




2000 


58 


0.69 


2400 


48 




3600 


32 




4800 


24 




7200 


16 




9600 


12 




19200 


6 




38400 


3 




56000 


2 


2.86 



NOTE: 1.8432 MHz is the standard 8080 frequency divided by 10. 



Spacing (logic 0) state and remains there (until reset by 
a low-level bit 6) regardless of other transmitter activity. 
The feature enables the CPU to alert a terminal in a 
computer communications system. 

Bit 7:This bit is the Divisor Latch Access Bit (DLAB). 
It must be set high (logic 1) to access the Divisor 
Latches of the Baud Rate Generator during a Read 
or Write operation. It must be set low (logic 0) to 
access the Receiver Buffer, the Transmitter Holding 
Register, or the Interrupt Enable Register. 

WD8250 Programmable Baud Rate Generator 

The WD8250 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
(DC to 3.1 MHz) and dividing it by any divisorfrom 1 
to (2'*^ - 1). Theoutputfrequency of the Baud Gener- 
ator is 1 6x the Baud rate. Two 8-bit latches store the 
divisor in a 16-bit binary format. These Divisor 
Latches must be loaded during initialization in order 
to insure desired operation of the Baud Rate Gene- 
rator. Upon loading either of the Divisor Latches, a 
T6-bit Baud counter is immediately loaded. This 
prevents long counts on initial load. 

Tables 3 and 4 illustrate the use of the Baud Genera- 
tor with two different driving frequencies. One is ref- 
erenced to a 1 .8432 MHz crystal. The other is a 3.072 
MHz crystal. 

NOTE 

The maximum operating frequency of the Baud 
Generator Is 3.1 Ml-lz. However, when using 
divisors of 6 and below, the maximum frequency 
is equal to 1/2 the divisor in MHz. For example, 
if the divisor Is 1, then the maximum frequency Is 
1/2 MHz. In no case should the data rate be 
greater than 56K Baud. 
Line Status Register 

This 8-bit register provides status information to the 
CPU concerning the data transfer. The contents of 
Table 4. Baud Rates Using 3.072 MHz Crystal. 



Desired 


Divisor Used 


Percent Error 


Baud 


to Generate 


Difference Between 


Rate 


16x Clock 


Desired and Actual 


50 


3840 




75 


2560 




110 


1745 


0.026 


134.5 


1428 


0.034 


150 


1280 




300 


640 




600 


320 




1200 


160 




1800 


107 




2000 


96 




2400 


80 




3600 


53 


0.628 


4800 


40 




7200 


27 


1.23 


9600 


20 




19200 


10 




38400 


5 




56000 


3 


14.285 
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the Line Status Register are Indicated in table 2 and 
are described below. 

Bit 0: This bit is the receiver Data Ready (DR) indica- 
tor. Bit 0 is set to a logic 1 whenever a complete 
incoming character has been received and trans- 
ferred into the Receiver Buffer Register. Bit 0 may be 
reset to a logic 0 either by the CPU reading the data 
in the Receiver Buffer Register or by writing a logic 0 
into it from the CPU. 

Bit 1:This bit is the Overrun Error (OE) indicator. Bit 
1 indicates that data in the Receiver Buffer Register 

was not read by the CPU before the next character 
was transferred into the Receiver Buffer Register, 
thereby destroying the previous character. The OE 
indicator is reset whenever the CPU reads the con- 
tents of the Line Status Register. 
Bit 2: This bit is the Parity Error (PE) indicator. Bit 2 
indicates that the received data character does not 
have the correct even or odd parity, as selected by 
the even-parity-select bit. The PE bit is set to a logic 
I upon detection of a parity error and is reset to a 
logic 0 whenever the CPU reads the contents of the 
Line Statuis Register. 

Bit 3: This bit is the Framing Error (FE) indicator. Bit 

3 indicates that the received character did not have a 
valid Stop bit. Bit 3 is set to a logic 1 whenever the 
Stop bit following the last data bit or parity bit is 
detected as a zero bit (Spacing level). 

Bit 4:ThisbitistheBreal< Interrupt (Bl) indicator. Bit 

4 is set to a logic 1 whenever the received data input 
is held in the Spacing (Logic 0) state for longer than 
a full word transmission time (that is, the total time 
of Start bit + data bits + Parity + Stop bits). 

NOTE 

Bits 1 through 4 are the error conditions that 
produce a Receiver Line Status interrupt whe- 
never any of the corresponding conditions are 
detected. 

Bit 5: This bit is the Transmitter Holding Register 
Empty (THRE) indicator. Bit 5 indicates that the 
WD8250 is ready to accept a new character for 
transmission. In addition, this bit causes the 
WD8250 to issue an interrupt to the CPU when the 
Transmit Holding Register Empty Interrupt enable 
is set high. The THRE bit is set to a logic 1 when a 
character is transferred from the Transmitter Hold- 
ing Register into the Transmitter Shift Register. The 
bit is reset tologicOconcurrentlywiththeloadingof 
the Transmitter Holding Register by the CPU. 
Bit 6: This bit Is the Transmitter Shift Register Empty 
(TSRE) indicator. Bit 6 is set to a logic 1 whenever 
the Transmitter Shift Register is idle. It is reset to 
logic 0 upon a data transfer from the Transmitter 

Holding Register to the Transmitter Shift Register. 
Bit 6 is a read-only bit. 

Bit 7: This bit is permanently set to logic 0. 



interrupt Identification Register 

The WD8250 has an on chip interrupt capability that ^ 
allows for complete flexibility in interfacing to all ^ 
popular microprocessors presently available. In § 
order to provide minimum software overhead dur- JO 
ing data character transfers, the WD8250 prioritizes o 
interrupts into four levels. The four levels of inter- 
rupt conditions are as follows: Receiver Line Status 
(priority 1); Received Data Ready (priority 2); Trans- 
mitter Holding Register Empty (priority 3); and 
MODEI*^ Status (priority 4). 

Information indicating that a prioritized interrupt is 
pending and source of that interrupt are stored in 
the Interrupt Identification Register (refer to table 
5). The Interrupt Identification Register (MR), when 
addressed during chip-select time, freezes thehigh- 
est priority interrupt pending and no other inter- 
rupts are acknowledged until the particular 
interrupt is serviced by the CPU. The contents of the 
MR are indicated in table 2 and are described below. 
Bit 0: This bit can be used in either a hardwired 
prioritized or polled environment to indicate 
whether an interrupt is pending. When bit 0 is a logic 
0, an interrupt is pending and the MR contents may 
be used as a pointer to the appropriate interi-upt ser- 
vice routine. When bit 0 is a logic 1, no interrupt is 
pending and polling (if used) continues. 

Bits 1 and 2: These two bits of the IIR are used to 
identify the highest priority interrupt pending as 
indicated in table 5. 

Bits 3 ttirougli 7: These five bits of the 1 1 R are always 
logic 0. 

interrupt Enabie Register 

This 8-bit register enables the four interrupt sources 
of the WD8250 to separately activate the Chip Inter- 
rupt (INTRPT) output signal. It is possible to totally 
disable the interurpt system by resetting bits 0 
through 3 of the Interrupt Enable Register. Sim- 
ilarly, by setting the appropriate bits of this register 
to a logic 1 , selected interrupts can be enabled. Dis- 
abling the interrupt system inhibits the Interrupt 
Identification Register and the active (high) INTRPT 
output from the chip. All other system functions 
operate in their normal manner, including the set- 
ting of the Line Status and MODEM Status Regis- 
ters. The contents of the Interrupt Enable Register 
are indicated in table 2 and are described below. 

Bit 0: This bit enables the Received Data Available 
Interrupt when set to logic 1. Bit 0 is reset to logic 0 
upon completion of a read of the Receiver Buffer 
Register. 

Bit 1: This bit enables the Transmitter Holding Register 
Empty Interrupt when set to a logic 1. Bit 1 is reset to 
logic 0 upon a write to the Transmitter Holding 
Register. 
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Table 5. Interrupt Control Functions. 



Interrupt Identification 
Register 


Interrupt Set and Reset Functions 


Bit 2 
0 


Bit 1 
0 


Bit 0 
1 


Priority 
Level 


Interrupt 
Flag 

None 


Interrupt 
Source 

None 


Interrupt 
Reset Control 


1 


1 


0 


Highest 


Receiver 
Line Status 


Overrun Error or 
Parity Error or 
Framing Error or 
Break Interrupt 


Reading the 

Line Status Register 


1 


0 


0 


Second 


Received 
Data Available 


Receiver 
Data Available 


Reading the 
Receiver Buffer 
Register 


0 


1 


0 


Third 


Transmitter 
Holding Register 
Empty 


Transmitter 
Holding Register 
fempty 


Reading the IIR 
Register (if source 
of interrupt) or 
Writing into the 
Transmitter Holding 
Register 


0 


0 


0 


Fourth 


MODEM 
Status 


Clear to Send or 

Data Set Ready or 
Ring Indicator or 
Received Line 
Signal Detect 


Reading the 
MODEM Status 
Register 



o 

00 

to 

Ol 

o 



Bit 2: This bit enables the Receiver Line Status In- 
terrupt when set to logic 1. Bit 2 is reset to logic 0 upon 
coinpletion of the associated interrupt service routine. 

Bit 3: This bit enables the MODEM Status Interrupt 

when set to logic 1 . Bit 3 is reset to logic 0 upon com- 
pletion of the associated interrupt service routine. 

Bits 4 through 7: These four bits are always logic 0. 
MODEM Control Register 

This 8-bit register controls the interface with the 
MODEM or data set (or a peripheral device emulat- 
ing a MODEM). The contents of the MODEM Con- 
trol Register are indicated in table 2 and are 
described below. 

Bit 0: This bit controls the Data Terminal R eady 
(DTR) output. When bit 0 is set to a logic 1, the DTR 
output is for ced t o a logic 0. When bit 0 is reset to a 
logic 0, the DTR output is forced to a logic 1. 

NOTE 

The DTR output of the WD8250 may be applied 
to an EIA inverting line driver (such as the 
DS1488) to obtain the proper polarity input at 
the succeeding MODEM or data set. 

Bit 1: This bit controls th e Re quest to Send (RTS) 
output. Bit 1 affects the RTS output in a manner 

identical to that described above for bit 0. 



affects the OUT 1 output in a manner identical to 
that described above for bit 0. 



Bit 2: This bit controls the Output 1 (OUT 1) signal, 
which is an auxiliary user-designated output. Bit 2 



Bit 3: This bit controls the Output 2 (OUT 2) signal, 
which is an auxilia ry user-designated output. Bit 3 
affects the OUT 2 output in a manner identical to 
that described above for bit 0. 

Bit 4: This bit provides & loopback feature for diagnos- 
tic testing of the WD8230. When bit 4 is set to logic 1, 
the following occur: the transmitter Serial Output 
(SOUT) is set to the HIGH IMPEDANCE state; the 
receiver Serial Input (SIN) is disconnected; the output 
of the Transmitter Shift Register is "looped back" into 
the Receiver Shift Register input; the four MODEM 
Control inputs (GTS, DSR, RLSD, and Rl) are discon- 
nected; and the four MODEM Control outputs (DTR, 
WyS, out 1, and OUT 2) are internally connected to the 
four MODEM Control inputs. In the diagnostic mode, 
data that is transmitted is immediately received. This 
feature allows the processor to verify the transmit- and 
receive-data paths of the WD8250. 
In the diagnostic mode, the receiver and transmitter 
interrupts are fully operational. The MODEM Con- 
trol Interrupts are also operational but the inter- 
rupts' sources are now the lower four bits of the 
MODEM Control Register instead of the four 
MODEM Control inputs. The interrupts are still con- 
trolled by the Interrupt Enable Register. 
The WD8250 interrupt system can be tested by writ- 
ing into the lower six bits of the Line Status Register 
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and the lower four bits of the MODEM Status Regis- 
ter. Setting any of these bits to a logic 1 generates 
the appropriate interrupt (if enabled). The resetting 
of these interrupts is the same as in normal WD8250 
operation. To return to this operation, the registers 
must be reprogrammed for normal operation and 
then bit 4 must be reset to logic 0. 
Bits 5 through 7: These bits are permanently set to 
logic 0. 

MODEM Status Register 

This 8-bit register provides the current state of the 
control lines from the MODEM (or peripheral 
device) to the CPU. In addition to this current-state 
information, four bits of the MODEM Status Regis- 
ter provide change information. These bits are set to 
a logic 1 whenever a control input from the MODEM 
changes state. They are reset to logic 0 whenever 
the CPU reads the MODEM Status Register. 
The contents of the MODEM Status Register are 
indicated in table 2 and are described below. 
Bit 0: This bit is the Delta Clea r to S end (DOTS) indi- 
cator. Bit 0 indicates that the CTS input to the chip 
has changed state since the last time it was read by 
the CPU. 



Bit 1: This bit is the Delta Data S et Re ady (DDSR) 
indicator. Bit 1 indicates that the DSR input to the 
chip has changed state since the last time it was 
read by the CPU. 

Bit 2: This bit is the Trailing Edge of Ringj^ndicator 
(TERI) detector. Bit 2 indicates that the Rl input to 
the chip has changed from an On (logic 1) to an Off 
(logic 0) condition. 

Bit 3: This bit is the Delta Received Line Signal 
Detec tor (DRLSD) indicator. Bit 3 indicates that the 
RLSD input to the chip has changed state. 

NOTE 

Whenever bit 0, 1, 2, or 3 is set to logic 1, a 
MODEM Status Interrupt is generated. 

Bit 4: This bit isthe complement of the Clearto Send 
(CTS) input. 

Bit 5: T his b it is the complement of the Data Set 
Ready (DSR) input. 

Bit 6^his bit is the complement of the Ring Indica- 
tor (Rl) input. 

Bit 7: This bit is th e com plement of the Received 
Line Signal Detect (RLSD) input. 



Typical Applications 

F-igures 1 and 2 show how to use the WD8250 chip in an 8080A system and in a microcomputer system with 
a high-capacity data bus. 
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FIGURE 1. TYPICAL 8-BIT MICROPROCESSOR/RS-232 TERMINAL INTERFACE USING THE ACE. 
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Typical Applications (continued) 



RECEIVER DISABLE 



I - I 



OniVER DISABLE 



FIGURE 2. TYPICAL INTERFACE FOR A 
HIGH-CAPACITY DATA BUS. 



ABSOLUTE MAXIMUM RATINGS 

Temperature Under Bias 0°C to +70°C 

Storage Temperature -65° C to +150° C (Ceramic) 
-50°C to +125° C (Plastic) 
All Input or Output Voltages with 

Respect to Vss -0-5 V to +7.0 V 

Power Dissipation 750 mW 

Absolute maximum ratings indicate limits beyond 
which permanent damage may occur. Continuous 
operation at these limits is not intended; operation 
should be limited to those conditions specified 
under DC Electrical Characteristics. 



DC Electrical Characteristics 

Ta = 0°C to +70° C, Vcc = +5V ± 5%, Vss = OV, unless otherwise specified. 



Symbol 


Parameter 


MIn. 


Typ. 


Max. 


Units 


Test Conditions 


VILX 


Clock Input Low Voltage 


-0.5 




0.8 


V 






VlHX 


Clock Input High Voltage 


2.0 




VCC 


V 






VIL 


Input Low Voltage 


-0.5 




0.8 


V 






VIH 


Input High Voltage 


2.4 




Vcc 


V 






VOL 


Output Low Voltage 






.45 


V 




IOL=1'6mA on all outputs 


VOH 


Output High Voltage 


2.4 






V 




ioh=-ioomA 


ICC(AV) 


Avg Power Supply 
Current (Vcc) 






150 


ma 






IIL 


Input Leakage 






+ 10 


juA 






iCL 
iDL 


Clock Leakage 
Data Bus Leakage 






+ 10 
±10 


nA 

mA 


VquT = o-'^v 1 ^^^^ '® 
V0UT = 4.6v|ggh-l-Pedance 



Capacitance 

TA = 25°C. VcC = VsS = OV 



Symbol 


Parameter 


Typ. 


Max. 


Units 


CXIN 


Clock 

Capacitance 


10 


15 


PF 


C|N 


Input 

Capacitance 


6 


10 


PF 


cqut 


Output 
Capacitance 


10 


20 


pF 



Test Conditions 



fc=1 MHz 
Unmeasured 
pins returned 
to Vss 



Typical Supply Current vi. 
TamperMur*, Normslliad 




AMBIENT TEMPERATURE (°C) 
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AC Electrical Characteristic TA = 0°C to +70° C, Vcc = +5V ± 5% Test Conditions 



Symbol 


Parameter 


Units 


Min 


iVIax 




t A\A/ 


Address Strobe Width 




ns 


120 






1TTL Lnari 




Address and Chip Select Setup Time 




ns 


100 






1TTI 1 naH 
II 1 L. L.UaU 


t AM 


Address Hold Time 




ns 


0 






1TTL Load 




Ciiip Select Output Delay from Latch 




ns 




160 




'DID 


DISTR/DISTR Delay from Latch 




ns 


50 






MIL L-UdU 


t P\ l\A/ 

' Ul w 


DISTR/DISTR Strobe Width 




ns 


300 






1 1 1 U L.UCIU 




Read Cycle Delay 




ns 


655 






1 1 1 U L.(JclU 


RC 


Read Cycle = tACS + tDID + tDIW + tpc + 20 ns 




ns 


1125 






1TTL Load 




DISTR/DISTR to Driver Disable Delay 




ns 




200 


1TTL Load 




Delay from DISTR/DISTR to Data 




ns 




300 


1TTI 1 oari 




DISTR/DISTR to Floating Data Delay 




ns 


60 






1TTI 1 nad 




DOSTR/DOSTR Delay From Latch 




ns 


20 






MIL LUctU 


"•UUVV 


DOSTR/DOSTR Strobe Width 




ns 


175 






1TTL L nari 

MIL LUdU 


■■WU 


Write Cycle Delay 




ns 


685 






1TTL Load 


wc 


Write Cycle = tACS + ^DOD + tDOW + tWC + 20 ns 


ns 


1000 






1TTI 1 narl 
MIL LUdU 


tDS 


Data Setup Time 




ns 


175 






1TTL Load 


tr»i-i 


Data Hold Time 




ns 


60 






1TTL Load 




Chip Select Output Delay from Select 




ns 




260 


1TTL Load 


tpiC 


DISTR/DISTR Delay from Select 




ns 


150 






1TTL Load 


tDOC 


DOSTR/DOSTR Delay from Select 




ns 


150 






1TTL Load 
















Test 


Symbol 


Parameter 


Min. 


Max. 


Units 


Conditions 


Baud Generator 














N 


Baud Rate Divisor 


1 


216-1 










tBLD 


Baud Output Negative Edge Delay 




9Rn t\/n 


ns 




100pF Load 


tBHD 


Baud Output Positive Edge Delay 




P'in tvn 


ns 




lOOpF Load 


tLW 


Baud Output Down Time 


425 Typ 




ns 




100pF Load 


tHW 


Baud Output Up Time 


330 Typ 




ns 




lOOpF Load 


Receiver 
















tSCD 


Delay from RCLK to Sample Time 




2 typ 


ULS 








tSINT 


Delay from Stop to Set Interrupt 




2 typ 


us 




lOOpF Load 


tRINT 


Delay from DISTR/DISTR (RD RBR) to Reset 


.250 


1 typ 


/iS 




lOOpF Load 




Interrupt 














Transmitter 














tHR 


Delay from DOSTR/DOSTR (WR THR) to Reset 


.250 


1 typ 


US 




lOOpF Load 


Interrupt 














t|RS 


Delay from Initial INTR Reset to Transmit Start 




16 typ 


BAUDOUT 










Cycles 






tsi 


Delay from Initial Write to Interrupt 




24 typ 


BAUDOUT 












Cycles 






tss 


Delay from Stop to Next Start 


.250 


1 typ 


MS 








tSTI 


Delay from Stop to Interrupt (THRE) 




a typ 


BAUDOUT 














Cycles 






T|R 


Delay from DISTR/DISTR (RD IIR) to Reset 


.250 


1 typ 


MS 




lOOpF Load 




Interrupt (THRE) 














Modem Control 














tMDO 


Delay from DOSTR/DOSTR (WR MCR) to Output 


.250 


1 typ 


MS 




lOOpF Load 
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tSIM 


Delay to Set Interrupt from MODEM Input 


.250 


1 typ 


MS 


lOOpF Load 


tRIM 


Delay to Reset Interrupt from DISTR/DISTR 
(RD MSR) 


.250 


1 typ 


MS 


lOOpF Load 



EXTERNAL 
CLOCK 



-0?: 



OPTIONAL 

OPTIONAL 
CLOCK — O 
OUTPUT "*«JXTAL2 






Timing 


Min 


Uniti 


«XH 


100 


nl 


«Xl 


lis 


ni 



FIGURES. EXTERNAL CLOCK INPUT (3.1 MHz MAX.) 



I I Crystal 



•cc 



OSC CLOCK TO 
BAUD QEN 
LOGIC 



Crystal 


Ri 


R2 


R3 


Ci 


C2 


' Cj 


ai MHz 


2K 


O.SM 


O.SM 


40-60pF 


O.OuF 


ICKSOpF 



FIGURE 4. TYPICAL CRYSTAL OSCILLATOR NETWORK 
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Aq, A-|, A2 
AND 
CSq, CSi, CS^ 



DISTR/DISTR 



DOSTR/DOSTR 



DATA 
D0-D7 



I"" 'aw— *j 

[♦'ACS* ' 

XH)C 



nxn. 



•esc- 



I*- tDD-»j 



— — tDD-*| 



\ r 



<DDD-*-| |— -'HZ*-! 

^ALID DATA^ 



ACTIVE 



X 



FIGURES. READ CYCLE TIMING 



adS 



Aq, Ai, A2 
AND 
CSq, CSi, CS2 



DOSTR/DOSTR 



DISTR/DISTR 



DATA 
D0-D7 



I * 'aw 



(— -'acs-^ [-^ I 



(-»-«css-*-| 



■'doc- 



■<DOD- 



|-» ' DS»|" ' DH 

VALID DATA "^^^ 



Y ACTIVE 




X 



FIGURES. WRITE CYCLE TIMING 
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•-s; UTJUirLJl 

— Hh*-'BHD ——I 
— H h— 'bLD — ^ "Hw[-«- 

rn_n_r 



BAUD OUT 
(-f- 2) 



— H 'lw h*- 

— —I [-•■tBLD — «-( |-^'bHD ^ 'HW |-* 'lw 

OUT n 

I 



BAUD OUT 
(-)- N, N >3) 



L 



HW = {n - 2) XTAL1 CYCLES 



"] 'lw = 2XTAL1 CYCLES 



FIGURE 7. BAUDOUT TIMING 



LT 

I— 'i 

LT 



'SCD 



SIN (RECEIVER 
INPUT DATA) 



START ^ DATA BITS (5-8) ^PARIj"^^ STOP^ START 



DISTR/DISTR' 
(READ REC DATA 
BUFFER) 



-f>- 



-'SINT 



I 

— *-| 'rint 



Notes: 

'See Write Cycle Timing 
'See Read Cycle Timing 



FIGURES. RECEIVER TIMING 
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SERIAL OUT 
(SOUT) 



INTERRUPT (THRE) 



N ^STARTy/ DATA (5-8) )( ySTOp[ \^TAR^ 



DOSTR/DOSTR 
(WR THR) 



DISTR/DISTR' 
(RD IIR) 



Notes: 

'See Write Cycle Timing 
'See Read Cycle Timing 



FIGURES. TRANSMITTER TIMING 



DOSTR/DOSTR' 
(WR MCR) 



RTg .TTm , 
OUT1. 0UT2 



'MDO— ^ 



CTS, DSR, RLSD 



OiSTR/DISTR' 
(RD MSR) 



—A <SIM |-» -H I— *-| *SIM }♦ -H I— 



♦<SIM-*J 



Notec 

'See Write Cycle Timing 
'See Read Cycle Timing 



\ 



FIGURE 10. MODEM CONTROLS TIMING 
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ORDERING INFORMAnON 



Part Number 


Max Clock 
Rate1 


Bits/Character 


WD8250*-00 


3.1 MHz 


5,6,7,8 


WD8250*-20 


3.1 MHz 


6,7,8 


WD8250*-30 


500 kHz 


5, 6, 7, 8 



NOTES: 



1. This is the maximum clock rate that can be ap- 
plied to pins 16 or 17. 
•Consult your local Western Digital Sales Repre- 
sentative for information regarding package 
availability, price, and delivery. 

See page 725 for ordering information. 



Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for its use; nor for any Infringements of patents or other rights of third parties which may result from its use. No license Is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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Printed m U S A 



WESTERN DIGITAL 



N 



WD2123 DEUCE 
Dual Enhanced Universal Communications Element 



FEATURES 

• TWO INDEPENDENT ASYNCHRONOUS FULL DUPLEX 
DATA COMMUNICATION CHANNELS (2 BOARTS) 

• TWO INDEPENDENT BAUD RATE GENERATORS (ONE 
PER CHANNEL) 

• EACH CHANNEL WITH FOLLOWING FEATURES: 

• SELECTABLE 5 TO 8 BIT CHARACTERS 

• 1X, 16X, 64X CLOCK RATES 

• 16 SELECTABLE BAUD RATE CLOCK FREQUENCIES 
(INTERNAL) 

• LINE BREAK DETECTION AND GENERATION 

• 1, IVz. OR 2 STOP BIT SELECTION 

• FALSE START BIT DETECTION 

• ODD OR EVEN R^RITY GENERATE AND DETECTION 

• OVERRUN AND FRAMING DETECTION 

• DOUBLE BUFFERING OF DATA 

• TTL COMRiVnBLE INPUTS AND OUTPUTS 



• COMR\TIBLE WITH 8251 A (ASYNC ONLY) AND WD1983 

DEVICES 

• DIAGNOSTIC LOCAL LOOP-BACK MODE 

• RXD INITIALIZATION UPON MASTER RESET 

• ON BOARD OSCILLATOR FOR EASE OF USE WITH A 

CRYSTAL 

• VERSATILE CLOCK SELECT OPTIONS FOR INDEPEN- 
DENT TRANSMIT AND RECEIVE RATES 

INTRODUCTION 

The Western Digital WD2123 Dual Enhanced Universal 
Communications Element (DEUCE) is a single chip MOS/LSI 
Data Communications Controller Circuit that contains two 
independent full-duplex asynchronous RECEIVER/TRANS- 
MITTER CHANNELS and two independent BAUD RATE 
GENERATORS. The WD2123 is fabricated in N-Channel sil- 
icon gate technology and is packaged in a 40 pin plastic or 
ceramic paclcage. All inputs and outputs are TTL compatible. 



D 
ro 

ro 

CO 




□ TXRDY-B 
13 RXRDY-B 

ZD TXE-B 

BRKDET-B 

□ RTS-B 

□ CtCT 

Zl SELCLK-B 

□ XCI/BCO-B 
Z] XTAL2 

m XTAL1 
Zl VCC 

□ MR 

Zl XCI/BCO-A 

□ SELCLK-A 
Z]CTS^ 

□ RT5^ 

□ BRKDET-A 
13 TXE-A 

□ RXRDY-A 

□ TXRDY-A 



TXD-A 
RXD-A 
TXHDY-A 
RXRDY-A 
TXE-A 
BRKDET-A 
RTS-A 
CTS-A 



SELCLK-A 
XCVBCO-A 



DATA 
BUS 

(8) 



BUS TRANSCEIVERS 



BAUD RATE 
GENERATOR 



BAUD RATE 
QENERATOR 



OSCILLATOR 



XTAL \ 1 XTAL 

1 L,g,J 2 



CS2 
Rl 



TXD-B 

RXD-B 

TXRDY-B 

HXRDY-B 

TXE-B 

BRKDET-B 

RT?-B 

CTS-B 



Figure 1. WD2123 PINOUT DIAGRAM 



Figure 2. WD2123 BLOCK DIAGRAM 
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PIN 
NUMBER 


PIN NAME 


SYMBOL 


FUNCTION 


10 


GROUND 


vss 


Ground 


30 


POWER SUPPLY 


VCC 


+5VDC power supply input. 


7 


DATA BUS 


DO 


This is the 8 bit Bidirectional Data Bus. It is the means of 


8 




D1 


communication between the WD2123 and the CPU. Data, 


9 




D2 


control, mode and status registers are accessed via this bus. 


11 




03 




12 




D4 




1 O 




05 








D6 




15 




D7 








Co 1 


V||_ on this input selects Channel A and enables computer 








communications with Channel A Data, control and status 








registers. 


1 o 


puip epi PPT TUun 




V|L on this input selects Channel B and enables computer 








communications with Channel B Data control and status 








registers. 


lO 


PMID CPI Pr^T TUIOCP 




V||_ on this input select the Baud Rate registers for pro- 








^1 Cll 1 11 1 III 1^, 


D 


OUN 1 nUL or UAIA 


C/u 


This input is used In conjunction with the appropriate Chip 




SELECT 




Select and an active read or write operation to determine 








register access via the Data Bus. 


4 


READ ENABLE 


RE 


nn thiQ inniit fillouiQ tho (^Pl 1 to roflH Hfitf) f\T QtAtiic infnr- 
VII \jt \ 11 iio II luui ctiiuwo 11 lO vyi \J \\j 1 Crdu Udlaj \j\ oiciiuo ii iiv^l 








mation from the selected register. 


17 


WRITE ENABLE 


WE 


nn thi<% inniit nllnxA/Q thA t^PI i tn writA HfitA nr pontml in- 

VII \J\ 1 11 IIO II i^Lll ClllVafWo 11 \X3 wl \J \\J Wl IIO UdlCI \Jl \^\Jl III wl 11 f 








formation into the selected register. 


29 


MASTER RESET 


MR 


nn thic inniit rACAtQ hnth phfinnAlQ tn thA iHIa QtAtA nnH 
viH wl 1 II no II i|jui loooio Uvii 1 ui idi II ido \\j iiio luio oidic di lu 








resets the status, command, mode and Data registers. 


31 




YTAI 1 
A l/M- 1 


This is the input side of the on-chip oscillator, it can also be 




INPUT 




driven by an external clock source. 


0£ 


OriYo 1 AL UoOILLAI Un 


XTAL2 


This is the output side of the on-chip oscillator. 




OUTPUT 








otLtO 1 vyLUUK 


OCI Oi A 

ScLCLK-A 


This input is used in conjunction with the Clock Select bit 








(CR1) in the command register to determine the baud clocl< 








cmirtf^A for Ohsinnol A 


OA 


oci COT oi f^r^\y 


CCI 1 1/ D 

ScLCLK-d 


This input is used in conjunction with the Clock Select bit 








(CR1) in the command register to determine the baud clock 








source for Channel B. 


28 


EXTERNAL CLOCK 


XCI/BCO-A 


This is a bidirectional port, which is used as the externally 




IKIDI IT/DAI in 

llNrU l/bAUU 




applied baud clock input or the internal baud rate generator 




Ol OOI^ /^l ITDI IT 




output depending on the states of SELCLK and CR1 com- 




/0^n»«v«#%l A\ 

(unannBi a) 




mand bit. (Channel A) 


33 


EXTERNAL CLOCK 


XCI/BCO-B 


This is a bidirectional port, which is used as the externally 




INPUT/BAUD CLOCK 




applied baud clock input or the internal baud rate generator 




OUTPUT-(Channel B) 




Aiitniit riAnonHinn nn thA ctatAS Af 5%PI r^l VC anH r^nm- 
vutpui uopoi lull 1^ \JM 11 1(^ oiciioo sj\ ol^l_wi— r\ ciiiu wn 1 oi/iii 








mand bit. (Channel B) 


26 


CLEAR-TO-SEND 




V|L on this input enables Channel A to transmit serial data if 




(Channel A) 




the Transmitter is enabled. 
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PIN 
NUMBER 


PIN NAME 


SYMBOL 


FUNCTION 


35 


CLEAR-TO-SEND 
(Channel B) 


CTS-B 


V|L on this Input enables Channel B to transmit serial data if 
the Transmitter Is enabled. 


20 


TRANSMIT DATA 
(Channel A) 


TXD-A 


ThiQ tho fiorisi 1 r^atA Oi itni it f mm r^hsnnAl A 
19 UI9 ooiicii uwtx \j\n\j\jn iiuiii wiiciiiiityi 


2 


TRANSMIT DATA 

(Channel B) 


TXD-B 


Thic ici tho ^orin 1 r^afsi Oi itm it from r^hannol R 


19 


RECEIVE DATA 

(Channel A) 


oyn-A 


TKic ic tKo Qariol r^ot£i Inniit tnt i^hannai A 
1 illo 19 IIIC Ot7llcll Udld inpUl TUr \/llailllol M* 


3 


RECEIVE DATA 
(Channel B) 


RXD-B 


This is the Serial Data Input for Channel B. 


21 


TRANSMITTER READY 
(Channel A) 


TXRDY-A 


This output, when high (VoH).a'6''ts the CPU that Channel A 
is ready to accept a new data character. The TXRDY output 
is automatically reset whenever a character is written into 
the Transmit Holding Register and can be used as an inter- 
rupt to the system. 


40 


TRANSMITTER READY 
(Channel B) 


TXRDY-B 


This output, when high (Vqh). alerts the CPU that Channel B 
is ready to accept a new data character. The TXRDY output 
is automatically reset whenever a character is written into 
the Transmit Holding Register and can be used as an inter- 
rupt to the system. 


22 


RECEIVER READY 
(Channel A) 


RXRDY-A 


This output, when high (Voh)> alerts the CPU that Channel B 
contains a data character that Is ready to be Input. This out- 
put Is automatically reset whenever the new character is 
read from the Receive Holding Register and can be used as 
an interrupt to the system. 


39 


RECEIVER READY 
(Channel B) 


RXRDY-B 


This output, when high(VoH). alerts the CPU that Channel B 
contains a data character that is ready to be input. This out- 
put is automatically reset whenever the new character is 
read from the Receive Holding Register and can be used as 
an interrupt to the system. 


23 


TRANSMITTER EMPTY 
(Channel A) 


TXE-A 


This output, when high (Voh)> indicates that Channel A 
Transmitter has no new characters to send and is waiting in 
an idle state. 


38 


TRANSMITTER EMPTY 

^wi lai II icJi 


TXE-B 


This output, when high (Vqh). indicates that Channel B 
1 ransmiiior nas no new cnaraciers lo sena anu is waning in 
an idle state. 


24 


(Channel A) 




This output, when high (V qh), indicates that the Receiver for 
Channel A has detected a break condition. 


37 


BREAK DFTECT 

(Channel B) 


RRKDFT-R 


1 iiio uuipui, vviic7ii iiiyii Q|-f ^, 11 lUiUaivo iiiai iiit? nt7%«oivt7i lur 

Channel B has detected a break condition. 


25 


REQUEST-TO-SEND 

(Channel A) 


RTS-A 


r\ yC7llt7ICll |JUl^nJOt7 (JUlpUl IMOl lo V^IpII III vilC?U Uj UIC7 VVI 1 11 1 lal lU 

register bit CR5 for Channel A. 


36 


REQUEST-TO-SEND 
(Channel B) 


RT&l 


A general purpose output that is controlled by the command 
register bit CR5 for Channel B. 


1 




NC 


No Internal Connection. 



Table 1 WD2123 PIN DESCRIPTIONS 
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GENERAL DESCRIPTION 

^ The WD2123 Block Diagram is shown in Figure 2. The 
O WD21 23 is a merger of two WD1 983s and one WD1 941 from 
^ WOC's line of communications devices on one piece of sili- 
con. The 1 983 is an asynchronous only version of the 8251 A 
and the 1941 is a baud rate generator. In this manner, 8251 A 
compatibility is maintained with the WD21 23 with the added 
features of 2 channels and 2 baud rate generators on a single 
chip. 

As depicted from the block diagram, the channels are re- 
ferred to as CHANNELS A and B. CHANNEL A, which is an 
asynchronous 8251 A, is addressed or controlled by the in put 
signal CSl. CHANNEL B is similarly controlled by CS2. Fi- 
nally , the BAUD RATE GENERATORS are controlled by 
CSS. 

Each channel of the WD2123 can be programmed to receive 
and transmit asynchronous serial data. The WD2123 per- 
forms serial-to-parallel conversion on data characters re- 
ceived from an input/output device or a MODEM, and paral- 
lel-to-serial conversion on data characters received from the 
CPU. The CPU can read the status of either channel at any 
time. Status information on a per channel basis reported in- 
cludes the type and the condition of the transfer operations 
being performed by the WD2123 as well as any transmission 
error conditions (parity, overrun, or framing). Programming 
the WD2123 is identical to th e 8251 A in the asynchronous 
mode, reme mber ing that CS1, when low, selects CHANNEL 
A and when ^5§2 is low, selects CHANNEL B. 

The WD2123 BAUD RATE GENERATORS may be selected 
either internally or externally. The clocl( select logic includes 
a clocl< select control bit CR1 (CS) in each COMMAND IN- 
STRUCTION REGISTER. This control bit allows selection of 
the internal baud clock or an externally applied clock and 
works in conjunction with the select clock pin, "SELCLK" and 
the external clock input/baud clock output pin, "XCI/BCO". 
When CS is logic 1, the external clock select mode is se- 
lected. This means that the transmit and receive clocks (TXC 
and RXC) are internally tied together and the select clock 
pin, SELCLK, will determine whether those clocks are driven 
from the internal baud rate generator (SELCLK is high) or 
from the external clock input pin, "XCI/BCO", (SELCLK is 
low). 

If the internal BRG clock is selected, (SELCLK Is high) then 
the external clock input pin becomes a BRG clock output. 
Hence, the mnemonic, "XCI/BCO". 

When CR1 (CS) is logic 0, then internal clock select mode is 
selected. The transmit clock (TXC) Is driven by the internal 
BRG clock and the receive clock is driven by the select clock 
pin, (SELCLK). The XCI/BCO pin becomes the baud clock 
output (the same signal that is being applied to TXC). 



The WD2123 also provides a local loop-back test mode of 
operation for each channel. This diagnostic mode is indepen- 
dently controlled via the LB(CR7) bit of the COMMAND 
REGISTER. When LB is logic 1, the channel is programmed 
for Local Loop-Back. In this diagnostic mode, the TXD output 
is set to the marking (logic "1") state; the output of the 
TRANSMIT REGISTER is "looped-back" into the BE^ 
CEIVER REGISTER input; RTS output is held high; the CTS 
and RXD inputs are Ignored. An additional requirement is 
that the TEN(CRO) command bit and the REN(CR2) be logic 
1. The status and output flags operate normally. 

Each channel is also provided with break character genera- 
tion and detection. (A break character is defined as all zero 
data bits, parity bit and stop bits after a valid start bit.) For 
break character generation, SBRK (CR3) command bit is set 
to a logic 1. This causes the TXD output to be forced low 
(spacing) for as long as SBRK is programmed high. The 
break detect output and status bit (SR6) is set to logic 1 , in- 
dicating that the receiver has detected a break character. 
The framing error flag Is also set to 1 for this condition. 

ORGANIZATION 

The WD2123 is an eight bit bus-oriented device. Communi- 
cation between the controlling CPU and the two RECEIVER/ 
TRANSMITTER CHANNELS or the two BAUD RATE GEN- 
ERATORS occurs via the 8 bit data bus through a common 
set of bus transceivers. 

A diagram of one of the two communication controllers is 
shown in Figure 3. There are two accessible data registers, 
which buffers transmit and receive data. They are the 
TRANSMIT HOLDING REGISTER and the RECEIVE 
HOLDING REGISTER. There is a parallel-to-serial shift reg- 
ister, the TRANSMIT REGISTER and a serial-to-parallel 
shift register, the RECEIVE REGISTER. 

Operational Control and monitoring of the CHANNEL is per- 
formed by two CONTROL REGISTERS (the COMMAND IN- 
STRUCTION REGISTER and the MODE INSTRUCTION 
REGISTER) and the STATUS REGISTER. 

A read/write control circuit allows programming/monitoring 
or loading/reading of data in the CONTROL, STATUS and 
HOLDING REGISTERS by activating the appropriate control 
lines: Chip Select (CS1, CS2, CS3), READ ENABLE (RE), 
WRJTE ENABLE (WE) and CONTROL or DATA SELECT 
(C/D). 

Internal control of each channel is by means of two internal 
microcontrollers: one for transmit and one for receive. The 
control registers, various counters and external signals pro- 
vide inputs to the microcontrollers, which generate the nec- 
essary control signals to send and receive serial data ac- 
cording to the programmed protocol. 
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A diagram of one of the two BAUD RATE GENERATORS is 




shown in Figure 4. The 4 low order DATA BUS bits, DO-D3, 




are used to program the desired rate by loading the RATE 


D 


HbCaibTcn. Control signals CS3, WE and C/D are used to 


lO 

-JL 


select and load the appropriate register. 


fO 
CO 


The contents of the RATE REGISTER is decoded and ad- 


dresses a FREQUENCY SELECT ROM for the proper fre- 




quency, which is generated by the DIVIDER circuitry and the 




control logic. 
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RECEIVE AND 
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COUNTER 



RXC 



TRANSMIT 
REGISTER 



► TXRDY 

»- TXE 

*' RXRDY 

^ BRKDET 

^ RTS 

- 5T§ 



555 FIE WE 
eS2 



c/B 



MR 



Figure 3. 



RECEIVEH'RANSMIT COMMUNICATIONS CONTROLLER DIAGRAM 
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o 
ro 



INTERNAL DATA BUS (D0-D3) 



C§3 

(A) ClU 

(B) C/D 



WRITE 
CONTROL 
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(4) 



RATE REGISTER 
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Figure 4 W02123 BAUD RATE GENERATOR DIAGRAM 

The WD2123 registers are addressed by the following table: 



c/5 


m 


WE 


CS1 


CS2 


Cg3 


REGISTER SELECTED 


L 


L 


H 


L 


H 


H 


RECEIVE HOLDING REG. 




CHA 


L 


H 


L 


L 


H 


H 


TRANSMIT HOLDING REG. 




CHA 


H 


L 


H 


L 


H 


H 


STATUS REG. 




CHA 


H 


H 


L 


L 


H 


H 


MODE AND COMMAND REG. 




CHA 


L 


L 


H 


H 


L 


H 


RECEIVE HOLDING REG. 




CHB 


L 


H 


L 


H 


L 


H 


TRANSMIT HOLDING REG. 




CHB 


H 


L 


H 


H 


L 


H 


STATUS REG. 




CHB 


H 


H 


L 


H 


L 


H 


MODE and COMMAND REG. 




CHB 


L 


H 


L 


H 


H 


L 


RATE REG. 




CHA 


H 


H 


L 


H 


H 


L 


RATE REG. 




CHB 


X 


X 


X 


H 


H 


H 


DATA BUS IN HIGH IMPEDANCE MODE 





Note: 

"L" means V|l at pins. 
"H" means V(h at pins. 
"X" means don't care. 



Table 2 WD2123 REGISTER ADDRESSING 
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The WD2123 contains two MODE REGISTERS— one for 
each channel. The format and definition of the 
MODE REGISTERS are shown below: 



MR7 


MR6 


MRS 


MR4 


MR3 


MR2 


MR1 


MRO 


82 


81 


EP 


PEN 


L2 


L1 


B2 


B1 



The WD2123 contains two COMMAND REGISTERS— one 
per channel. The format and definition of the ^ 
COMMAND REGISTERS are shown below: < 

D 
ro 

fO 
CO 



CR7 


CR6 


GR5 


CR4 


CR3 


CR2 


CR1 


GRO 


LB 


IR 


RT8 


ER 


SBK 


REN 


OS 


TEN 



9Z 


81 


BAUD RATE FACTOR 




TEN 


TRANSMIT ENABLE 


0 


0 


Undefined 




1 


Enable 


0 


1 


IX 




0 


Disable 


1 


0 


16X 








1 


1 


64X 




CS 


CLOCK SELECT 














L2 


L1 


CHARACTER LENGTH 




1 


External Clocl^ Select Mode 








i- 


0 


Internal Clock Select Mode 


0 


0 


5 Bits 








0 


1 


6 Bits 




REN 


RECEIVE ENABLE 


1 


0 


7 Bits 








1 


1 


8 Bits 


!\ 


1 


Enable 










0 


Disable 


PEN 




RARITY ENABLE 














SBK 


SEND BREAK CHARACTER 


0 




Disable Parity 








1 




Enable Parity 




1 


Force TXD Low 










n 
u 


Normal Operation 


EP 




RARITY SELECT 














ER 


ERROR RESET 


0 




Odd Parity 








1 




Even Parity 




1 


Reset Error Flags 










0 


No Reset 


$2 


81 


NUMBER OF STOP BITS 
















RTS 


REQUEST TO SEND 


0 


0 


Invalid 








0 


1 


1 Bit 




1 


Force RTS pin = 0 (Vql) 


1 


0 


V/2 Bits 


s 


0 


Force RTS pin = 1 (Vqh) 


1 


1 


2 Bits 












IR 


INTERNAL RESET 




Table 3 WD2123 MODE REGISTERS 


1 


Next Write to Mode Register 








0 


Next Write to Command 










Register 








LB 


LOOP BACK ENABLE 








0 


Normal Operation Mode 






1 


1 


Local Loop-Back Mode 



Table 4 WD2123 CONTROL REGISTERS 
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The WD2123 contains two STATUS REGISTERS— one per channel. The STATUS REGISTER is a read-only reg- 
ister. The format and definition of the STATUS REGISTERS are shown below: 



SR7 


SR6 


SR5 


SR4 


SR3 


SR2 


SRI 


SRO 


CTS 


BRK 


FE 


OE 


PE 


TXE 


RX 


TX 




DET 










RDY 


RDY 



TXRDY 


TRANSMITTER READY 


1 
0 


Denotes THR is empty and ready for a 
new character 

THR not empty. (Reset when THR is 
loaded by CPU) 


RXRDY 


RECEIVER READY 


1 
0 


Denotes that the RHR contains a valid 
character 

RHR does not contain a valid character. 
(Reset when the CPU reads the RHR) 


TXE 


TRANSMITTER EMPTY 


1 
0 


Denotes that the TR is empty 
Denotes that the TR is not empty 


PE 


PARITY ERROR 


1 
0 


Denotes Parity Error 

No Parity Error. (Reset by ER bit of com- 
mand register) 


OE 


OVERRUN ERROR 


1 
0 


Denotes Overrun Error 

No Overrun Error. (Reset by ER bit of 

command register) 


FE 


FRAMING ERROR 


1 
0 


Denotes Framing Error 

No Framing Error. (Reset by ER bit of 

command register) 


BRKDET 


BREAK DETECT 


1 
0 


Indicates that the receiver has detected a 
line break condition. (FE will also be set) 
No Break Condition detected for at least 
one bit time 


CTS 


CLEAR-TO-SEND 


1 
0 


Indicates that the CTS pin is active (V|l) 
Indicates that the CTS pin is not active 
(V|h) 



Table 5 WD2123 STATUS REGISTERS 
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The WD2123 contains two RATE REGISTERS that are used to select 16 BAUD rates when CR1 = 1 and 

SELCLK = 1 . The Format of the RATE REGISTERS is shown below. Note that the Receiver and the Trans- 

rnitter of any channel run off the same Baud clock except when CR1 = 0, then the Transmitter runs off the ^ 

Baud Clock and the Receiver runs off an externally applied signal input on the SELCLK pin. ^ 

D7 DO N> 



X 



X 


X 


X 


RA3 


RA2 


RA1 


RAO 








RB3 


RB2 


RB1 


RBO 



When C/D = 0, RA3 to RAO are loaded. 
When C/C= 1, RB3 to RBO are loaded. 

The C/O line is used in conjunction with CS3 and WE to program the desired BAUD rate. When C/D is low, Channel 
A is selected, and when C/C is high, Channel B is selected. The low order 4 bits of the DATA BUS are loaded into 
the selected rate register, and the high order 4 bits are ignored. 

When the crystal frequency equals 1 .8432 MH^ the following baud rates may be programmed. 



R3 


R2 


R1 


RO 


BAUD RATE 


FREQUENCY 


0 


0 


0 


0 


50 


.800 KHZ 


0 


0 


0 


1 


75 


1.200 


0 


0 


1 


0 


110 


1.760 


0 


0 


1 


1 


134.5 


2.150 


0 


1 


0 


0 


150 


2.400 


0 


1 


0 


1 


200 


3.200 


0 


1 


1 


0 


300 


4.800 


0 


1 


1 


1 


600 


9.600 




0 


0 


0 


1200 


19.200 




0 


0 


1 


1800 


28.800 




0 


1 


0 


2400 


38.400 




0 


1 


1 


3600 


57.600 




1 


0 


0 


4800 


76.800 




1 


0 


1 


7200 


115.200 




1 


1 


0 


9600 


153.600 




1 


1 


1 


19,200 


307.200 



Table 6 WD2123 BAUD RATE REGISTERS 



OPERATING DESCRIPTION 

The WD21 23 is primarily designed to operate in an 8 bit mi- 
croprocessor environment, although other control logic 
schemes are easily im plem e nted . The DATA BUS and the in- 
terface control signals (CSl, CS2, CSS, C/D, RE, WE) should 
be connected to the microprocessor's data bus and system 
control bus. A 1.8432 MHz crystal should be connected to 
the WD2123 as shown in figure 5. The appropriate TXC 
(RXC) clock frequencies should be programmed via system 
software. Different Baud clock configurations are possible, 
such as separate transmit and receive frequencies, and are 
outlined in the general description. 

For typical data communication applications, the RXD and 
TXD input/outputs can be connected to RS-232C interface 



circuits. Interface control signals, CTS and RTS, are con- 
trolled and sensed by the CPU through the COMMAND and 
STATUS R EGIS TERS and can be configured in several 
ways. The CTS input can be used to synchronize the trans- 
mitter to external events. 

The TXRDY, RXRDY, TXE and BRKDET FLAGS may be 

connected to the microprocessor system as interrupt inputs 
or the STATUS REGISTER can be periodically read in a 
polled environment to support data communication control 
operations. 

The SBRK bit of the COMMAND REGISTER (CR3) is used 
to send a Break Character. (A Break Character is defined as 
a start bit, and all zero data, parity and stop bits.) When the 
CR3 bit is set to a "1 ", it causes the transmitter output, TXD, 
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to be forced low after the last bit of the last character is 

transmitted. 

The Receiver is equipped with logic to look for a break char- 
acter. When a break is received, the BREAK DETECT 
(BRKDET) FLAG and STATUS bit are set to "1". When the 
receiver input line goes high (V |h) for at least one clock pe- 
riod, the receiver resets the BRKDET FLAG and resumes its 
search for a start bit. 



PROGRAMMING PROCEDURE 

The programming sequence of the two channels will be dif- 
ferent, depending on whether it is an initialization sequence 
(that is, one performed right after a hardware master reset 
occurs) or a re-programming sequence (that is, one per- 
formed to change the protocol characteristics (Parity, rate, 
character length, etc.) after the device has been previously 



operating in the system). The programming sequence dif- 
fers, in that, after a master reset, the chip is set to expect the 
first control write operation (C/D = 1) to contain a mode m- 
struction. Any subsequent control write operations will be 
transferred to the command instruction register. 

Now when it is desired to change the mode instruction 
register contents, the following re-programming sequence 
should be performed. A Command Control word of "40" Hex 
is written to the Chip. This turns off the Receiver and Trans- 
mitter and sets the IR (Internal Reset) bit. This bit causes the 
read/write control logic to expect the next control write op- 
eration to be a new mode instruction. After the new mode 
instruction is written to the chip, all subsequent control write 
operations will again be interpreted as command instruc- 
tions. Therefore, after the new mode instruction is per- 
formed, the next command would turn the receiver and 
transmitter back on and resume normal Data operations. 




CTS-B 



* RS232 INTERFACE 



Figure 5 WD2123 MICROPROCESSOR APPLICATION 
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ABSOLUTE MAXIMUM RATINGS STORAGE TEMPERATURE: 

Vqd with respect to Vss 0.5V to + 12V Ceramic: — 65°C to +150°C 

Voltage on Any Pin witli Respect to Ground — 0.5V to +7V Plastic: — 55°C to +125°C 

Power Dissipation 500Mw. 

Note: Maximum ratings indicate limits beyond wliicli permanent damage may occur. Continuous operation at these limits is not 
intended and sliould be limited to those conditions specified under dc electrical characteristics. 



Q 
ro 

CO 



DC ELECTRICAL CHARACTERISTICS 

Ta = O'C to +70"'C; Vcc = 5.0V ±5%; GND = OV 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


TEST CONDITIONS 


V|L 


Input Low Voltage 


—0.5 




0.8 


V 




V|H 


Input High Voltage 


2.0 




Vcc 


V 




Vol 


Output Low Voltage 






0.45 


V 


'OL = 1-6 mA 


VOH 


Output High Vsltage 


2.4 






V 


'oh = — "lOO 


Idl 


Data Bus Leakage 
(High Impedance State) 






—50 
10 


uA 
uA 


VoUT = 0.45V 

Vqut = Vcc 


<IL 


Input Leakage 






10 


uA 


V|N = Vcc 


•cc 


Power Supply Current 




100 


125 


mA 


Vcc = 5.25V 
No Load 



Table 7 WD2123 D.C. PARAMETERS 



CAPACITANCE 

Ta = 25''C; Vcc = GND = OV 



SYMBOL 


' PARAMETER 


MIN 


TYP 


MAX 


UNIT 


TEST CONDITIONS 


C|N 


Input Capacitance 






10 


PF 


fc = 1MHz 


C|/o 


I/O Capacitance 






20 


PF 


Unmeasured pins 
returned to 
GND. 



Table 8 WD2123 CAPACITANCE LEVELS 
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AC ELECTRICAL CHARACTERISTICS 

Table 9 WD2123 A.C. PARAMETERS 

^ Ta = 0°C to + 70C; Vcc = 5.0V ±5%; GND = OV 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNITS 


CONDITIONS 


BUS PARAMETERS 
Read Cycle 


Ur 


Address Stable Before READ (CS,C/D) 


50 




ns 




tpA 


Address Hold Time for READ (CS,C/D) 


50 




ns 




tRE 


READ Pulse Width 


230 




ns 




tRD 


Data Delay from READ 




200 


ns 


Cl = 50 pF 


tRDH 


READ to Data Floating 


25 


200 


ns 


CL(Max) = 50pF 
CL(Min) = 15 pF 


Write Cycle 




Address Stable Before WRITE 


50 




ns 




tWA 


Address Hold Time for WRITE 


50 




ns 






WRITE Pulse Width 


230 




ns 






Data Set-Up Time for WRITE 


TWE 




ns 




tWDH 


Data Hold Time for WRITE 


100 




ns 




OTHER TIMINGS 


^TXC 


Transmit Clock Period 


1.6 




us 




tOTX 


TxD Delay from Falling Edge of TxC 




1000 


ns 


Cl = 100 pF 


tSRX 


Rx Data Set-Up Time to Sampling Pulse 


200 




ns 


Cl = 100 pF 


tHRX 


Rx Data Hold Time to Sampling Pulse 


200 




ns 


Cl = 100 pF 


fix 


Transmitter Input Clock Frequency 
1x Baud Rate 
16x and 64x Baud Rate 


DC 
DC 


500 
600 


kHz 
kHz 


Clock 
50% Duty 
Cycle 


tTPW 


Transmitter Input Clock Pulse Width 
1x Baud Rate 
16x and 64x Baud Rate 


1.0 
800 




us 
ns 






Transmitter Input Clock Pulse Delay 
lx Baud Rate 
1 6x and 64x Baud Rate 


1.0 
800 




us 
ns 




tMR 


Master Reset 


500 




ns 
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Table 9 WD2123 A.C. PARAMETERS 



SYMBC 


PARAMETER 


MIN 


MAX 


UNIT 


TEST 
CONDITION 




Receiver Input Clock Frequency 
1x Baud Rate 
16x and 64x Baud Rate 


DC 
DC 


500 
600 


kHz 
kHz 


Clock 
50% Duty 


tRPW 


Receiver Input Clock Pulse Width 
1x Baud Rate 
1DX ana o4x Daua Hate 


1.0 
800 




us 
ns 




«RPD 


Receiver Input Clock Pulse Delay 
1x Baud Rate 
16x and 64x Baud Rate 


1.0 

ftnn 
ouu 




us 

ns 




tTX 


TxRDY Delay from Center of Stop Bit 




8 


tpxc 


CL=50pF (16X) 


tRX 


RxRDY Delay from Center of Stop Bit 




Vz 


tRXC 




MS 


Internal BRKDET Delay from Center 
of Data Bit 




1 


RXC 




'TRD 


TxRDY Delay from Falling Edge of 
WRITE 




450 


ns 






TXD Output from Falling Edge of 
WRITE 




V/2 


tTXC 




twc 


Control Delay from Rising Edge of 
WRITE (RTS) 




200 


ns 




tCR 


Control to READ Set-Up Time (CTS) 




1 


tTXC 






Master Reset 


500 




ns 





a 

to 

CO 




Figure 7 WD2123 READ TIMING 
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Figure 8 WD2123 WRITE TIMING 




Figure 9 WD2123 INTERFACE CONTROL TIMING 



TXC (1 X CLOCK) 



TXC (16 X CLOCK) Vjl' 



tjpw 
Vlac 



•tpd 



16 TXC PERIODS 



rrx_ 



•dtx 



Figure 10 WD2123 TRANSMITTER CLOCK AND DATA TIMING 
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RXC (1 X CLOCK) 



3C7 



tSRX 



— \ 



•npD 



1st DATA BIT 



X CLOCK) JiimnjiiuuiTuir^^ 

L SRXC JL 16 RXC PERIODS J 

I PERIODS I I 

n n 



INTERNAL 
SAMPLING PULSE 



Figure 11 WD2123 RECEIVER CLOCK AND DATA TIMINGS 



Txc juinmrinjiririJLJiJi^^ 

"cs, cTd 



~i_r 

We 1 I — 

Vlac U 



"LJ" 









LJ 




1 

1- 



<TRO 



Vlac 



Figure 12 WD2123 TRANSMITTER OUTPUT TIMINGS WITH RESPECT TO TRANSMIT CLOCK 



START 
BIT 



DATA BITS 
— 



PARITY I STOP 
BIT I BIT(S) 



START 

Brrs 



•tRX 



"He 



Figure 13 WD2123 RXRDY TIMING 
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/ ■ 

C X 



START 
BIT 





DATA BITS 

-^■v^ — 



PARITY 
BIT 



I8t DATA BYTE 



STOP 
BIT(S) 



START 
BIT 



r 



2nd DATA 
BYTE 



Figure 14 WD2123 TXRDY TIMiNG 



See page 725 for ordering information. 



Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license Is granted by 
Implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 

specifications at anytime without notice. 
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Printed in USA 
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BR1941(5016) Dual Baud Rate Clock 
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FEATURES 

16 SELECTABLE BAUD RATE CLOCK FREQUENCIES 

SELECTABLE 1X, 16X OR 32X CLOCK OUTPUTS FOR 

FULL DUPLEX OPERATIONS 

OPERATES WITH CRYSTAL OSCILLATOR OR 

EXTERNALLY GENERATED FREQUENCY INPUT 

ROM MASKABLE FOR NON-STANDARD FREQUENCY 

SELECTIONS 

INTERFACES EASILY WITH MICROCOMPUTERS 
OUTPUTS A 50% DUTY CYCLE CLOCK WITH 0.01 % 
ACCURACY 

6 DIFFERENT FREQUENCY/DIVISOR PAIRS 
AVAILABLE 

TIL, MOB COMPATIBILITY 

PIN COMPATIBLE WITH COM5016 



GENERAL DESCRIPTION 

The BR1941 is a combination Baud Rate Clock Gen- 
erator and Programmable Divider. It is manufactured in 
N-channel MOS using silicon gate technology. This de- 
vice Is capable of generating 16 externally selected 
clock rates whose frequency is determined by either a 
single crystal or an externally generated input clock. 
The BR1941 Is a programmable counter capable of 
generating a division from 2 to (215 - 1). 

The BR1941 is available programmed with the most 
used frequencies in data communication. Each 
frequency is selectable by strobing or hard wiring each 
of the two sets of four Rate Select inputs. Other 
frequencies/division rates can be generated by 
reprogramming the internal ROM coding through a 
MOS mask change. Additionally, further clock division 
may be accomplished through cascading of devices. 
The frequency output is fed Into the XTAL/EXT Input 
on a subsequent device. 



XTAUEXT 1 
VCC 

Ra 
Rb 
Rc 
Rd 

STR 

vdd 



1 □ 
2 
3 
4 
5 
6 
7 
8 



BR1941 



XTAUEXT 2 
'T 

ta 

TC 

td 

STT 
GND 
NC* 



'INTERNALLY BONDED. DO NOT CONNECT 
ANYTHING TO THIS PIN. 



PIN CONNECTIONS 



TA ■ 

TB 

TC 



XTAU 
EXT1 



XTAU. 
EXT 2 



+ 12V 
+ 5V ■ 
GND ■ 



RA »■ 

RB — 



FREQUENCY 
DECODE 

AND 
CONTROL 



FREQUENCY 
SELECT 
ROM 



FREQUENCY 
DECODE 

AND 
CONTROL 



FREQUENCY 
SELECT 
ROM 



BR1941 BLOCK DIAGRAM 
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PIN DESCRIPTION 
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PIN NUMBER 


SYMBOL 


NAME 


FUNCTION 


1 


XTAL/EXT 1 


Crystal or 
External Input 1 


This input receives one pin of the crystal package or 
one polarity of the extemal input. 


2 


vcc 


Power Supply 


-1-5 volt Supply 


3 


fR 


Receiver Output 
Frequency 


This output runs at a frequency selected by the 
Receiver Address inputs. 


4-7 


Ra. Rb. Rc. Rd 


Receiver Address 


The logic level on these inputs as shown in Tables 1 
through 6, selects the receiver output frequency, fp. 


Q 
O 


OTD 

b 1 n 


Strobe-Receiver 
Address 


A high-level input strobe loads the receiver address 
(RAi Rb. Rc. Rd) into the receiver address register. 
This input may be strobed or hard wired to +5y. 


9 


vdd 


Power Supply 


+ 12 volt Supply 


10 


NC 


No Connection 


Internally bonded. Do not connect anything to this 
pin. 

Ground 


11 


GND 


Ground 


12 


STT 


Strobe-Transmitter 
Address 


A high-level input strobe loads the transmitter address 
(TA- ^b, Tc, Td) into the transmitter address register. 
This input may be strobed or hard wired to -f-5V. 


13-16 


Td. Tc, Tb, Ta 


Transmitter 
Address 


The logic level on these inputs, as shown in Tables 1 
through 6, selects the transmitter output frequency, fj. 


17 




Transmitter 

Output 

Frequency 


This output runs at a frequency selected by the 
Transmitter Address inputs. 


18 


XTAL/EXT 2 


Crystal or 
External 
Input 2 


This input receives the other pin of the crystal 
package or the other polarity of the external input. 



NOTE 1 

VIH 

STROBE 
(STR/STT) 
VIL 

TSETUP - 



r r- 



-4 



2.0V 
.8V 



- '■'hold 



VIH 
ADDRESS 
VIL 



2.0V 
.BV 



k: 



•ADDRESS NEED ONLY BE VALID DURING THE LAST 
TP\N TIME OF THE INPUT STROBE 



CONTROL TIMING 



CRYSTAL OPERATION 
BR1941 



5.0688 MHz 
, CRYSTAL 



EXTERNAL INPUT OPERATION 
BR1941 



UHYSIAL 

I 101 ■] I px" 1 I 

Ldl 18t>J Zlf^Ldl 18 kJ 74XX^1^. 



74XX - TOTEM POLE OR OPEN COLLECTOR OUTPUT 



CRYSTAUCLOCK OPTIONS 



ABSOLUTE MAXIMUM RATINGS 

Positive Voltage on any Pin, with respect to ground -t- 20.0V 

Negative Voltage on any Pin, with respect to ground - 0.3V 

Storage Temperature (plastic package) - 55° C to -t- 1 25° C 

(cerdip package and ceramic package) - 65°C to -i- 150°C 

Lead Temperature (Soldering, 10 sec.) -f- 325°C 

'Stresses above those listed may cause permanent damage to the device. This is a stress 
rating only and Functional Operation of the device at these or at any other condition 

above those indicated in the operational sections of this specification are not implied. 
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ELECTRICAL CHARACTERISTICS 

(Ta = O'C to + 70'C, Vcc = + 5V ± 5%, Vdd = + 12V ± 5%, unless otherwise noted) 



PARAMETER 


MIN 


TYP 


MAX 


UNIT 


COMMENTS 


DP CHARACTERISTICS 












IN PUT VOLTAGE LEVELS 

1 0\A/-lp\/Pl \/ll 

High-level, V|h 


Vcc -1-5 




0.8 

Vcc 


V 
V 


Spa Nlntn 1 

Www INV/lw 1 


OUTPUT VOLTAGE LEVELS 
Low-iovei, VOL 
High-level, Vqh 


Vcc -1-5 


4.0 




v 
V 


— Q O mA 
IQL — ITIM 

lOH = 10(^A 


INPUT CURRENT 
Low-level, I|l 






0.3 


mA 


V|(s| = GND, excluding XTAL inputs 


INPUT CAPACITANCE 

All Inputs, C|N 




5 


10 


Pf 


V|N = GND, excluding XTAL inputs 


INPUT RESISTANCE 
Crystal Input, RxTAL 


1.1 






KQ 


Resistance to ground for 
Pin 1 and Pin 18 


POWER SUPPLY CURRENT 

Ice 

IDD 




20 
20 


60 
70 


mA 
mA 




AC CHARACTERISTICS 










Ta = -l-25''C 


CLOCK FREQUENCY 










See Note 2 


PULSE WIDTH (Tpw) 
Clock 

Receiver strobe 
Transmitter strobe 


150 
150 




DC 
DC 


ns 
ns 


50% duty cycle ± 10%. See Note 2 


INPUT SET-UP TIME (TSET-UP) 

Address 


50 






ns 


See Note 3 


OUTPUT HOLD TIME CThOLD) 
Address 


50 






ns 





00 
3D 

1 
O 

3 



N0TE1: BR1941 — XTAL/EXT inputs are either TTL compatible or crystal compatible. See crystal specification in Ap- 
plications information section. 

All inputs except XTAL/EXT have Internal pull-up resistors. 
NOTE 2: Refer to frequency option tables for maximum Input frequency on XTAL/EXT pins. 

Typical Clock Pulse width Is 1/2xCL 
NOTE 3: Input set-up time can be decreased to >0 ns by increasing the minimum strobe width by 50 ns to a total of 200 ns. 



OPERATION 
Standard Frequencies 

Choose a Transmitter and Receiver frequency from the 
table below. Program the corresponding address into TA- 
TD and RA-RD respectively using strobe pulses or by hard 
wiring the strobe and address inputs. 



Non-Standard Frequencies 

To accomplish non-standard frequencies do one of the 
following: 

1. Choose a crystal that when divided by the BR1941 
generates the desired frequency. 

2. Cascade devices by using the frequency outputs as an 
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input to the XTAL/EXT inputs of the subsequent 
BR1941. 



00 

5 FREQUENCY OPTIONS 



3. Consult the factory for possible changes via ROM mask 
reprog ramming. 



TABLE 1. CRYSTAL FREQUENCY = 5.0688 MHZ 



Transmit/Receive 
Address 


Baud 
Rate 
(Ida Clock) 


Theoretical 
rreq. (kHz) 


Actual 
rreq. (kHz) 


Percent 
Error 


Duty 
Cycle 

% 


Divisor 


D 


c 


B 


A 


0 


0 


0 


0 


50 


0.8 


0.8 


— 


50/50 


6336 


0 


0 


0 


1 


75 


1.2 


1.2 


— 


50/50 


4224 


0 


0 


1 


0 


110 


1.76 


1.76 


— 


50/50 


2880 


0 


0 


1 


1 


134.5 


2.152 


2.1523 


0.016 


50/50 


2355 


0 


1 


0 


0 


150 


2.4 


2.4 




50/50 


2112 


0 


1 


0 


1 


300 


4.8 


4.8 




50/50 


1056 


0 


1 


1 


0 


600 


9.6 


9.6 




50/50 


528 


0 


1 


1 


1 


1200 


19.2 


19.2 




50/50 


264 




0 


0 


0 


1800 


28.8 


28.8 




50/50 


176 




0 


0 


1 


2000 


32.0 


32.081 


0.253 


50/50 


158 




0 


1 


0 


2400 


38.4 


38.4 




50/50 


132 




0 


1 


1 


3600 


57.6 


57.6 




50/50 


88 




1 


0 


0 


4800 


76.8 


76.8 




50/50 


66 




1 


0 


1 


7200 


115.2 


115.2 




50/50 


44 




1 


1 


0 


9600 


153.6 


153.6 




48/52 


33 




1 


1 


1 


19,200 


307.2 


316.8 


3.125 


50/50 


16 



BR1941-00 

TABLE 2. CLOCK FREQUENCY = 2.76480 MHZ 



Transmit/Receive 
Address 


Baud 
Rate 
(16X Clock) 


Theoretical 
Freq. (kHz) 


Actual 
Freq. (kHz) 


Percent 
Error 


Duty 
Cycle 

% 


Divisor 


D 


c 


B 


A 


0 


0 


0 


0 


50 


0.8 


0.8 




50/50 


3456 


0 


0 


0 


1 


75 


1.2 


1.2 




50/50 


2304 


0 


0 


1 


0 


110 


1.76 


1.76 


-0.006 


50/50 


1571 


0 


0 


1 


1 


134.5 


2.152 


2.152 


-0.019 


50/50 


1285 


0 


1 


0 


0 


150 


2.4 


2.4 




50/50 


1152 


0 


1 


0 


1 


200 


3.2 


3.2 




50/50 


864 


0 


1 


1 


0 


300 


4.8 


4.8 




50/50 


576 


0 


1 


1 


1 


600 


9.6 


9.6 




50/50 


288 




0 


0 


0 


1200 


19.2 


19.2 




50/50 


144 




0 


0 


1 


1800 


28.8 


28.8 




50/50 


96 




0 


1 


0 


2000 


32.0 


32.15 


+ 0.465 


50/50 


86 




0 


1 


1 


2400 


38.4 


38.4 




50/50 


72 




1 


0 


0 


3600 


57.6 


57.6 




50/50 


48 




1 


0 


1 


4800 


76.8 


76.8 




50/50 


36 




1 


1 


0 


9600 


153.6 


153.6 




50/50 


18 




1 


1 


1 


19,200 


307.2 


307.2 




50/50 


9 



BR1941-02 



TABLE 3. CRYSTAL FREQUENCY = 6.018305 MHZ 



Transmit/ Receive 
Address 


Baud 
Rate 

(16X Clock) 


Theoretical 
Freq. (kHz) 


Actual 
Freq. (kHz) 


Percent 

Error 


Duty 
Cycle 

% 


Divisor 


D 


C 


B 


A 


0 


0 


0 


0 


50 


0.8 


.7999 


0 


50/50 


7523* 


0 


0 


0 


1 


75 


1.2 


1.2000 


0 


50/50 


5015* 


0 


0 


1 


0 


110 


1.76 


1.7597 


0 


50/50 


3420 


0 


0 


1 


1 


134.5 


2.152 


2.1517 


0 


50/50 


2797* 


0 


1 


0 


0 


150 


2.4 


2.3996 


0 


50/50 


2508 


0 


1 


0 


1 


200 


3.2 


3.1995 


0 


50/50 


1881* 


0 


1 


1 


0 


300 


4.8 


4.7993 


0 


50/50 


1254 


0 


1 


1 


1 


600 


9.6 


9.5986 


0 


50/50 


627* 




0 


0 


0 


1200 


19.2 


19.2279 


+ 0.14 


50/50 


31.3* 




0 


0 


1 


1800 


28.8 


28.7959 


0 


50/50 


209* 




0 


1 


0 


2000 


32.0 


32.0125 


0 


50/50 


188 




0 


1 


1 


2400 


38.4 


38.3334 


-0.17 


50/50 


157* 




1 


0 


0 


3600 


57.6 


57.8687 


+ 0.46 


50/50 


104 




1 


0 


1 


4800 


76.8 


77.1583 


+ 0.46 


50/50 


78 




1 


1 


0 


9800 


153.6 


154.3166 


+ 0.46 


50/50 


39* 




1 


1 


1 


19,200 


307.2 


300.9175 


-2.04 


50/50 


20 



BR1941-03 
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TABLE 4. CLOCK FREQUENCY = 5.52960 MHZ 



Transmit/Receive 
Address 


Baud 
Rate 
(16X Clock) 


Theoretical 
Freq. (kHz) 


Actual 
Freq. (kHz) 


Percent 
Error 


Duty 
Cycle 

% 


Divisor 


Q 


Q 






0 


0 


0 


0 


50 


1.6 


1.6 




50/50 


3456 


0 


0 


0 


1 


75 


2.4 


2.4 




50/50 


2304 


0 


0 


1 


0 


110 


3.52 


3.52 


-0.006 


50/50 


1571 


0 


0 


1 


1 


134.5 


4.304 


4.303 


-0.019 


50/50 


1285 


0 


1 


0 


0 


150 


4.8 


4.8 




50/50 


1152 


0 


1 


0 


1 


200 


6.4 


6.4 




50/50 


864 


u 


•1 
1 


1 


n 

u 


300 


9.6 


9.6 




50/50 


576 


0 


1 


1 


1 


600 


19.2 


19.2 




50/50 


288 




0 


0 


0 


1200 


38.4 


38.4 


_ 


50/50 


144 




0 


0 


1 


1800 


57.6 


57.6 




50/50 


96 




0 


1 


0 


2000 


64.0 


64.3 


+ 0.465 


50/50 


86 




0 


1 


1 


2400 


76.8 


76.8 




50/50 


72 




1 


0 


0 


3600 


115.2 


115.2 




50/50 


48 




1 


0 


1 


4800 


153.6 


153.6 




50/50 


36 




1 


1 


0 


9600 


307.2 


307.2 




50/50 


18 




1 


1 


1 


19,200 


614.4 


614.4 




50/50 


9 
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TABLE 5. CRYSTAL FREQUENCY = 4.9152 MHZ 



Transmit/Receive 
Address 


Baud 
Rate 
(32X Clock) 


Theoretical 
Freq. (kHz) 


Actual 
Freq. (kHz) 


Percent 
Error 


Duty 
Cycle 

% 


Divisor 


D 


C 


B 


A 


0 


0 


0 


0 


50 


0.8 


0.8 




50/50 


6144 


0 


0 


0 


1 


75 


1.2 


1.2 




50/50 


4096 


0 


0 


1 


0 


110 


1.76 


1.7598 


-0.01 




2793 


0 


0 


1 


1 


134.5 


2.152 


2.152 




50/50 


2284 


0 


1 


0 


0 


150 


2.4 


2.4 




50/50 


2048 


0 


1 


0 


1 


300 


4.8 


4.8 




50/50 


1024 


0 


1 


1 


0 


600 


9.6 


9.6 




50/50 


512 


0 


1 


1 


1 


1200 


19.2 


19.2 




50/50 


256 




0 


0 


0 


1800 


28.8 


28.7438 


-0.19 




171 




0 


0 


1 


2000 


32.0 


31.9168 


-0.26 


50/50 


154 




0 


1 


0 


2400 


38.4 


38.4 




50/50 


128 




0 


1 


1 


3600 


57.6 


57.8258 


0.39 




85 




1 


0 


0 


4800 


76.8 


76.8 




50/50 


64 




1 


0 


1 


7200 


115.2 


114.306 


-0.77 




43 




1 


1 


0 


9600 


153.6 


153.6 




50/50 


32 




1 


1 


1 


19,200 


307.2 


307.2 




50/50 


16 
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TABLE 6. CRYSTAL FREQUENCY = 5.0688 MHZ 



Transmit/Receive 
Address 


Baud 
Rate 
(32X Clock) 


Theoretical 
Freq. (kHz) 


Actual 
Freq. (kHz) 


Percent 
Error 


Duty 
Cycle 
% 


Divisor 


D 


C 


B 


A 


0 


0 


0 


0 


50 


1.6 


1.6 




50/50 


3168 


0 


0 


0 


1 


75 


2.4 


2.4 




50/50 


2112 


0 


0 


1 


0 


110 


3.52 


3.52 




50/50 


1440 


0 


0 


1 


1 


134.5 


4.304 


4.303 


.026 


50/50 


1178 


0 


1 


0 


0 


150 


4.8 


4.8 




50/50 


1056 


0 


1 


0 


1 


200 


6.4 


6.4 




50/50 


792 


0 


1 


1 


0 


300 


9.6 


9.6 




50/50 


528 


0 


1 


1 


1 


600 


19.2 


19.2 




50/50 


264 




0 


0 


0 


1200 


38.4 


38.4 




50/50 


132 




0 


0 


1 


1800 


57.6 


57.6 




50/50 


88 




0 


1 


0 


2400 


76.8 


76.8 




50/50 


66 




0 


1 


1 


3600 


115.2 


115.2 




50/50 


44 




1 


0 


0 


4800 


153.6 


153.6 






33 




1 


0 


1 


7200 


230.4 


230.4 




50/50 


22 




1 


1 


0 


9600 


307.2 


298.16 


2.941 




17 




1 


1 


1 


19,200 


614.4 


633.6 


3.125 


50/50 


8 



*When the duty cycle is not exactly 50% It is 50% ± 10% 
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CRYSTAL SPECIFICATIONS 

User must specify termination (pin, wire, other) 

Frequency — See Tables 1-6. 

Temperature range 0°C to + 70'C 

Series resistance < 50Q 

Series resonant 

Overali toierance ± .01% 

CRYSTAL MANUFACTURERS (Partial List) 

American Time Products Div. 
Frequency Controi Products, inc. 
61-20 Woodside Ave. 
Woodside, New Yorl< 11377 
(212)458-5811 



Bliley Electric Co. 
2545 Grandview Blvd. 
Erie, Pennsylvania 16508 
(814)838-3571 

M-tron Ind. Inc. 
P.O. Box 630 

Yani^ton, Soutli Dai^ota 57078 
(605)665-9321 

Erie Frequency Control 

453 Lincoln St. 

Caiisie, Pennsylvania 17013 

(714)249-2232 



APPLICATIONS INFORMATION 



OPERATION WITH A CRYSTAL 

The BR1941 Baud Rate Generator may be driven by either a 
crystal or TTL level clock. When using a crystal, the wave- 
form that appears at pins 1 (XTAL/EXT 1) and 18 (XTAUEXT 
2) does not conform to the normal TTL limits of V|l < 0.8V 
and V|H > 2.0V. Figure 1 illustrates a typical crystal 
waveform when connected to a BR1941. 

Since the D.C. level of the waveform causes the least 
positive point to typically be greater than 0.8V, the BR1941 
is designed to lool^ for an edge, as opposed to a TTL level. 
The XTAL/EXT logic triggers on a rising edge of typically IV 
in magnitude. This allows the use of a crystal without any 
additional components. 

OPERATIONS WITH TTL LEVEL CLOCK 

With clocl< frequencies in the area of 5 I^Hz, significant 
overshoot and undershoot ("ringing") can appear at pins 1 
and/or 18. The BR1941, may, at times, be triggered on a 
rising edge of an overshoot or undershoot waveform, 
causing the device to effectively "double-trigger." This 
phenomenon may result as a twice expected baud rate, or 
as an apparent device failure. Figure 2 shows a typical 
waveform that exhibits the "hnging" problem. 

The design methods required to minimize ringing include 
the following: 

1. Minimize the P.C. trace length. At 5 MHz, each inch of 
trace can add significantly to overshoot and undershoot. 

2. Match impedances at both ends of the trace. For 
example, a series resistor near the BR1941 may be 
helpful. 

3. A uniform impedance is important. This can be ac- 
complished through the use of: 



a. parallel ground lines 

b. evenly spaced ground lines crossing the trace on the 
opposite side of PC board 

c. an inner plane of ground, e.g., as in a four layered PC 
board. 

In the event that ringing exists on an already finished 
board, several techniques can be used to reduce it. These 
are: 

1. Add a series resistor to match impedance as shown in 
Figure 3. 

2. Add pull-up/pull-down resistor to match Impedance, as 
shown in Figure 4. 

3. Add a high speed diode to clamp undershoot, as shown 
in Figure 5. 

The method that is easiest to implement in many systems 
is method 1, the series resistor. The series resistor will 
cause the D.C. level to shift up, but that does not cause a 
problem since the BR1941 is triggered by an edge, as 
opposed to a TTL level. 

The BR1941 Baud Rate Generator can save both board 
space and cost in a communications system. By choosing 
either a crystal or a TTL level clock, the user can minimize 
the logic required to provide baud rate clocks in a given 
design. 

POWER LINE SPIKES 

Voltage transients on the AC power line may appear on the 
DC power output. If this possibility exists, it is suggested 
that one by-pass capacitor Is used between -i- 5V and GND 
and another between -i- 12V and GND. 
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Figure 1 TYPICAL CRYSTAL WAVEFORM 




Figure 2 TYPICAL "RINGING" WAVEFORM 



R1 



Typical Values 
R1 = R2 = 3311 



Figure 3 SERIES RESISTOR TO MATCH IMPEDANCE 




Typical Values 
R1 = R3 = ?.7K 
R2 = R4 = 3.3K 



Figure 4 PULL-UP/PULL-DOWN RESISTORS TO MATCH IMPEDANCE 




Figure 5 HIGH-SPEED DIODE TO CLAMP UNDERSHOOT 



See page 725 for ordering information. 
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Information furnished by Western Digital Corporation Is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for Its use; nor for any infringements of patents or other rights of third parties which may result from Its use. No license is granted by 
Implication or othenvlse under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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Printed in U S A 



WESTERN DIGITAL 

CORPORAT/ON 

WD1943(8116)/WD1945(8136) Dual Baud Rate Clock 



FEATURES 

• 16 SELECTABLE BAUD RATE CLOCK FREQUENCIES 
•OPERATES WITH CRYSTAL OSCILLATOR OR EX- 
TERNALLY GENERATED FREQUENCY INPUT 

•ROM MASKABLE FOR NON-STANDARD FREQUENCY 
SELECTIONS 

• INTERFACES EASILY WITH MICROCOMPUTERS 

• OUTPUTS A 50% DUTY CYCLE CLOCK WITH 0.01% 

ACCURACY 

• 6 DIFFERENT FREQUENCY/DIVISOR PAIRS 
AVAILABLE 

•SINGLE -H5V POWER SUPPLY 

•COMPATIBLE WITH BR1941 

•TTL, MOS COMPATIBILITY 

• WD1943 IS PIN COMPATIBLE TO THE C0M81 16 

• WDI945 IS PIN COMPATIBLE TO THE COM§136 AND 
COM5036 (PIN 9 ON WD1945 IS A NO CONNECT) 



GENERAL DESCRIPTION 

The WD1943/45 is an enhanced version of the BR1941 Dual 
Baud Rate Clock. The WD1943/45 is a combination Baud 
Rate Clock Generator and Programmable Divider. It is 
manufactured in N-channel MOS using silicon gate 
technology. This device is capable of generating 16 ex- 
ternally selected clock rates whose frequency is deter- 
mined by either a single crystal or an externally generated 
input clock. The WD1 943/45 is a programmable counter 
capable of generating a division by any integer from 4 to 
2^5 _ 1^ inclusive. 

The WD1943/45 is available programmed with the most 
used frequencies in data communication. Each frequency 
is selectable by strobing or hard wiring each of the two sets 
of four Rate Select inputs. Other frequencies/division rates 
can be generated by reprogramming the internal ROM 
coding through a MOS mask change. Additionally, further 
clock division may be accomplished through cascading of 
devices. The frequency output is fed into the XTAL/EXT 
input on a subsequent device. 



a 

CD 

i 



00 



The WD1943/45 can be driven by an external crystal or by 
TTL logic. 



XTAL/EXT 1 
-I-5V 

Ra 

Rb 

Rc 

Rd 

STR 
NC 



1 □ 
2 
3 
4 
5 



WD1943 

OR 
WD1945 



8D 

3D 

2D 



XTAL/EXT 2 
fT 

Tb 

To 

Td 

STT 

GND 

NC(1943) 
f/4(1945) 



PIN CONNECTIONS 



XTAU 
EXT1 



XTAU. 
EXT 2 



+ 5V- 
GND- 



FREQUENCY 
DECODE 

AND 
CONTROL 



FREQUENCY 
SELECT 
ROM 



► f/4 

(1945) 



FREQUENCY 
DECODE 
AND 
CONTROL 



FREQUENCY 
SELECT 
ROM 



BLOCK DIAGRAM 
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PIN DESCRIPTION 



o 

(0 



PIN NUMBER 


SYMBOL 


NAME 


FUNCTION 


1 


XTAL/EXT 1 


Crystal or 
External Input 1 


This input receives one pin of the crystal package or one 
polarity of the external input. 


2 


vcc 


Power Supply 


-1- 5 volt Supply 


3 


fR 


Receiver Output 
Frequency 


This output runs at a frequency selected by the Receiver 
Address inputs. 


4-7 


Ra, Rb- Rc- Rd 


Receiver Address 


The logic level on these inputs as shov\/n in Table 1 thru 6, 
selects the receiver output frequency, f r. 


8 


STR 


Strobe-Receiver 
Address 


A high-level input strobe loads the receiver address (Ra, Rb. 
Rc. Rd) into the receiver address register. This input may be 


9 


NC 


No Connection 


No Internal Connection 


10 


NC(1943) 
f/4(1945) 


No Connection 
f req/4 Output 


No Internal Connection 

XTAL1 input freq divided by four. 


11 


GND 


Ground 


Ground 


12 


SIT 


Strobe-Transmitter 
Address 


A high-level input strobe loads the transmitter address (Ta, 
Tr. Tc, Td) into the transmitter address register. This input 
may be strobed or hard wired to + 5V. 


13-16 


Td, Tc, Tb, Ta 


Transmitter 
Address 


The logic level on these inputs, as shown In Table 1 thru 6, 
selects the transmitter output frequency, fj. 


17 


fT 


Transmitter 

uuipul 

Frequency 


This output runs at a frequency selected by the Transmitter 
Address inputs. 


18 


XTAL/EXT 2 


Crystal or 

External 

Input2 


This input receives the other pin of the crystal package or the 
other polarity of the external input. 



STROBE .' 
(STR/STT) y 



-Tpw'- 



TSETUP — 
SEE NOTE 1 
PAGE 3 



V-'" 



■ Thold 



CONTROL TIMING 



CRYSTAL OPERATION 
WD1 943/45 



CRYST AL 



EXTERNAL INPUT OPERATION 
W01943/45 



1 lab-l 



74XX TOTEM POLE OR OPEN COLLECTOR OUTPUT 



CRYSTAUCLOCK OPTIONS 



ABSOLUTE MAXIMUM RATINGS 

Positive Voltage on any Pin, with respect to ground 
Negative Voltage on any Pin, with respect to ground 
Storage Temperature 



-t-7.0V 
-0.3V 

(plastic package) -55°Cto -t-125''C 
(Cerdip package and Ceramic package) - 65'C to -i- ISCC 



Lead Temperature (Soldering, 10 sec.) -f- 325*'C 

'Stresses above those listed may cause permanent damage to the device. This Is a stress 
rating only and Functional Operation of the device at these or at any other condition 
above those indicated in the operational sections of this specification are not implied. 
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ELECTRICAL CHARACTERISTICS '(Ta = O'Cto +70-0,700= +5V ±5% standard.) 



PARAMETER 


MIN 


TYP 


MAX 


UNIT 


COMMENTS 


DC CHARACTERISTICS 












INPUT VOLTAGE LEVELS 
Low-level, V|l 
High-level, V|h 


2.0 




0.8 

vcc 


V 
V 


See Note 1 


OUTPUT VOLTAGE LEVELS 
Low-level, Vql 
High-level, Vqh 


Vcc-1.5 


4.0 


0.4 


V 
V 


Iql = 3.2 mA 

IQH = lOO^A 


INPUT CURRENT 
High-level, I|h 
Low-level, I|l 

Low-level, I|l 






-10 
10 
300 

10 


mA 

mA 

mA 


V|N = Vcc STR (8) and STT (12) 

V|N = GND Only 

V|N = GND (All inputs except 

XTAL, STR and STT) 
V|N = GND STR, STT 


INPUT CAPACITANCE 

All Inputs, C||s| 




5 


10 


Pf 


V|N = GND, excluding XTAL inputs 


EXT. INPUT LOAD 




4 


5 




Series 7400 unit loads 


INPUT RESISTANCE 
Crystal Input, RxTAL 

POWER SUPPLY CURRENT 

•cc 

AC CHARACTERISTICS 


1.1 


40 


80 


KQ 
mA 


Resistance to ground for 
Pin 1 and Pin 18 

Ta = +25°C 


CLOCK FREQUENCY 










See Note 2 


PULSE WIDTH (Tpw) 
Clock 

Receiver strobe 
Transmitter strobe 


150 
150 




DC 
DC 


ns 
ns 


50% Duty Cycle ± 10%. See Note 2 
See Note 3 
See Note 3 


INPUT SET-UP TIME (TsET-UP) 
Address 


50 






ns 


See Note 3 


OUTPUT HOLD TIME (ThoLD) 
Address 


50 






ns 




STROBE TO NEW FREQUENCY 
DELAY 






6 


CLK 





o 

I 
3 

i 

D 

I 

00 



NOTE 1 : XTAUEXT inputs are either TTL compatible or crystal compatible. See crystal specification in 
Applications Information section. 

All inputs except XTAL, STR and STT have internal pull-up resistors. 
NOTE 2: Refer to frequency option tables for maximum input frequency on XTAUEXT pins. 

Typical clock pulse width is 1/2 x CL 
NOTE 3: Input set-up time can be decreased to >0 ns by increasing the minimum strobe width (50 ns) to a total of 200 ns. 

Ta-d and Ra-D have Internal pull-up resistors. 



OPERATION 
Standard Frequencies 

Choose a Transmitter and Receiver frequency from the 
table below. Program the corresponding address intoTA-TD 
and RA-RD respectively using strobe pulses or by hard 
wiring the strobe and address inputs. 



Non-Standard Frequencies 

To accomplish non-standard frequencies do one of the 
following: 

1. Choose a crystal that when divided by the WD1943 
generates the desired frequency. 

2. Cascade devices by using the frequency outputs as an 
input to the XTAL/EXT inputs of the subsequent 
WD1943/45. 

3. Consult the factory for possible changes via ROM masl< 
reprogramming. 
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FREQUENCY OPTIONS 



TABLE 1. CRYSTAL FREQUENCY = 5.0688 MHZ 



Transmit/Receive 
Address 


Baud 
Rate 
(16X Clock) 


Theoretical 
Freq. (kHz) 


Actual 
Freq. (kHz) 


Percent 
Error 


Duty 
Cycle 

% 


Divisor 


0 


c 


B 


A 


0 


0 


0 


0 


50 


0.8 


0.8 




50/50 


6336 


0 


0 


0 


1 


75 


1.2 


1.2 




50/50 


4224 


0 


0 


1 


0 


110 


1.76 


1.76 




50/50 


2880 


0 


0 


1 


1 


134.5 


2.152 


2.1523 


0.016 


50/50 


2355 


0 


■l 


0 


0 


150 


2.4 


2.4 




50/50 


2112 


0 


1 


0 


1 


300 


4.8 


4.8 




50/50 


1056 


0 


1 


1 


0 


600 


9.6 


9.6 





50/50 


528 


0 


1 


1 


1 


1200 


19.2 


19.2 




50/50 


264 




0 


0 


0 


1800 


28.8 


28.8 




50/50 


176 




0 


0 


1 


2000 


32.0 


32.081 


0.253 


50/50 


158 




0 


1 


0 


2400 


38.4 


38.4 




50/50 


132 




0 


1 


1 


3600 


57.6 


57.6 




50/50 


88 




1 


0 


0 


4800 


76.8 


76.8 




50/50 


66 




1 


0 


1 


7200 


115.2 


115.2 




50/50 


44 




1 


1 


0 


9600 


153.6 


153.6 




48/52 


33 




1 


1 


1 


19,200 


307.2 


316.8 


3.125 


50/50 


16 



WD1943-00 or WD1945-00 



TABLE 2. CLOCK FREQUENCY = 2.76480 MHZ 



Transmit/Receive 
Address 


Baud 
Rate 

(16X Clock) 


Theoretical 
Freq. (kHz) 


Actual 
Freq. (kHz) 


Percent 
Error 


Duty 
Cycle 

% 


Divisor 


D 


C 


B 


A 


0 


0 


0 


0 


50 


0.8 


0.8 




50/50 


3456 


0 


0 


0 


1 


75 


1.2 


1.2 




50/50 


2304 


0 


0 


1 


0 


110 


1.76 


1.76 


-0.006 


50/50 


1571 


0 


0 


1 


1 


134.5 


2.152 


2.152 


-0.019 


50/50 


1285 


0 


1 


0 


0 


150 


2.4 


2.4 




50/50 


1152 


0 


1 


0 


1 


200 


3.2 


3.2 




50/50 


864 


0 


1 


1 


0 


300 


4.8 


4.8 




50/50 


576 


0 


1 


1 


1 


600 


9.6 


9.6 




50/50 


288 




0 


0 


0 


1200 


19.2 


19.2 




50/50 


144 




0 


0 


1 


1800 


28.8 


28.8 




50/50 


96 




0 


1 


0 


2000 


32.0 


32.15 


+ 0.465 


50/50 


86 




0 


1 


1 


2400 


38.4 


38.4 




50/50 


72 




1 


0 


0 


3600 


57.6 


57.6 




50/50 


48 




1 


0 


1 


4800 


76.8 


76.8 




50/50 


36 




1 


1 


0 


9600 


153.6 


153.6 




50/50 


18 




1 


1 


1 


19,200 


307.2 


307.2 




50/50 


9 



WD1943^2 or WD1945^2 



TABLE 3. CRYSTAL FREQUENCY = 6.018305 MHZ 



Transmit/Receive 
Address 


Baud 
Rate 
(16X Clock) 


Theoretical 
Freq. (kHz) 


Actual 
Freq. (kHz) 


Percent 
Error 


Duty 
Cycle 

% 


Divisor 


D 


C 


B 


A 


0 


0 


0 


0 


50 


0.8 


.7999 


0 


50/50 


7523* 


0 


0 


0 


1 


75 


1.2 


1.2000 


0 


50/50 


5015* 


0 


0 


1 


0 


110 


1.76 


1.7597 


0 


50/50 


3420 


0 


0 


1 


1 


134.5 


2.152 


2.1517 


0 


50/50 


2797* 


0 


1 


0 


0 


150 


2.4 


2.3996 


0 


50/50 


2508 


0 


1 


0 


1 


200 


3.2 


3.1995 


0 


50/50 


1881* 


0 


1 


1 


0 


300 


4.8 


4.7993 


0 


50/50 


1254 


0 


1 


1 


1 


600 


9.6 


9.5986 


0 


50/50 


627* 




0 


0 


0 


1200 


19.2 


19.2279 


+ 0.14 


50/50 


31.3* 




0 


0 


1 


1800 


28.8 


28.7959 


0 


50/50 


209* 




0 


1 


0 


2000 


32.0 


32.0125 


0 


50/50 


188 




0 


1 


1 


2400 


38.4 


38.3334 


-0.17 


50/50 


157* 




1 


0 


0 


3600 


57.6 


57.8687 


+ 0.46 


50/50 


104 




1 


0 


1 


4800 


76.8 


77.1583 


+ 0.46 


50/50 


78 




1 


1 


0 


9800 


153.6 


154.3166 


+ 0.46 


50/50 


39* 




1 


1 


1 


19,200 


307.2 


300.9175 


-2.04 


50/50 


20 



WD1 943-03 or WD1 945-03 



400 



TABLE 4. CLOCK FREQUENCY = 5.52960 MHZ 



Transmit/Receive 
Address 


Baud 
Rate 
(32X Clock) 


Theoretical 
Freq. (kH^ 


Actual 
Freq. (kHz) 


Percent 
Error 


Duty 
Cycle 
% 


Divisor 


□ 


c 






0 


0 


0 


0 


50 


1.6 


1.6 




50/50 


3456 


0 


0 


0 


1 


75 


2.4 


2.4 




50/50 


2304 


0 


0 


1 


0 


110 


3.52 


3.52 


-0.006 


50/50 


1571 


0 


0 


1 


1 


134.5 


4.304 


4.303 


-0.019 


50/50 


1285 


0 


1 


0 


0 


150 


4.8 


4.8 




50/50 


1152 


0 


1 


0 


1 


200 


6.4 


6.4 




50/50 


864 


Q 


•j 


"1 


n 
u 


300 


9.6 


9.6 




50/50 


576 


0 


1 


1 


1 


600 


19.2 


19.2 




50/50 


288 




0 


0 


0 


1200 


38.4 


38.4 





50/50 


144 




0 


0 


1 


1800 


57.6 


57.6 




50/50 


96 




0 


1 


0 


2000 


64.0 


64.3 


+ 0.465 


50/50 


86 




0 


1 


1 


2400 


76.8 


76.8 




50/50 


72 




1 


0 


0 


3600 


115.2 


115.2 




50/50 


48 




1 


0 


1 


4800 


153.6 


153.6 




50/50 


36 




1 


1 


0 


9600 


307.2 


307.2 




50/50 


18 




1 


1 


1 


19.200 


614.4 


614.4 




50/50 


9 



a 

(O 



WD1943^4 or WD1945-04 



TABLE 5. CRYSTAL FREQUENCY = 4.9152 MHZ 



Transmit/Receive 
Address 


Baud 
Rate 
(16X Clock) 


Theoretical 
Fr«q. (kH;d 


Actual 
Fraq. (kHjf) 


Percent 
Error 


Duty 
Cycle 
% 


Divisor 


D 


c 


B 


A 


0 


0 


0 


0 


50 


0.8 


0.8 




50/50 


6144 


0 


0 


0 


1 


75 


1.2 


1.2 




50/50 


4096 


0 


0 


1 


0 


110 


1.76 


1.7598 


-0.01 




2793 


0 


0 


1 


1 


134.5 


2.152 


2.152 




50/50 


2284 


0 


1 


0 


0 


150 


2.4 


2.4 




50/50 


2048 


0 


1 


0 


1 


300 


4.8 


4.8 




50/50 


1024 


0 


1 


1 


0 


600 


9.6 


9.6 




50/50 


512 


0 


1 


1 


1 


1200 


19.2 


19.2 




50/50 


256 




0 


0 


0 


1800 


28.8 


28.7438 


-0.19 




171 




0 


0 


1 


2000 


32.0 


31.9168 


-0.26 


50/50 


154 




0 


1 


0 


2400 


38.4 


38.4 




50/50 


128 




0 


1 


1 


3600 


57.6 


57.8258 


0.39 


* 


85 




1 


0 


0 


4800 


76.8 


76.8 




50/50 


64 




1 


0 


1 


7200 


115.2 


114.306 


-0.77 




43 




1 


1 


0 


9600 


153.6 


153.6 




50/50 


32 




1 


1 


1 


19.200 


307.2 


307.2 




50/50 


16 



WD1943-05 or WD1945-05 



TABLE 6. CRYSTAL FREQUENCY = 5.0688 MHZ 



Transmit/Receive 
Address 


Baud 
Rate 
(32X Clock) 


Theoretical 
Freq. (kHz) 


Actual 
Freq. (kHz) 


Pereent 
Error 


Duty 
Cycle 

% 


Divisor 


D 


c 


B 


A 


0 


0 


0 


0 


50 


1.6 


1.6 




50/50 


3168 


0 


0 


0 


1 


75 


2.4 


2.4 




50/50 


2112 


0 


0 


1 


0 


110 


3.52 


3.52 




50/50 


1440 


0 


0 


1 


1 


134.5 


4.304 


4.303 


.026 


50/50 


1178 


0 


1 


0 


0 


150 


4.8 


4.8 




50/50 


1056 


0 


1 


0 


1 


200 


6.4 


6.4 




50/50 


792 


0 


1 


1 


0 


300 


9.6 


9.6 




50/50 


528 


0 


1 


1 


1 


600 


19.2 


19.2 




50/50 


264 




0 


0 


0 


1200 


38.4 


38.4 




50/50 


132 




0 


0 


1 


1800 


57.6 


57.6 




50/50 


88 




0 


1 


0 


2400 


76.8 


76.8 




50/50 


66 




0 


1 


1 


3600 


115.2 


115.2 




50/50 


44 




1 


0 


0 


4800 


153.6 


153.6 






33 




1 


0 


1 


7200 


230.4 


230.4 




50/50 


22 




1 


1 


0 


9600 


307.2 


298.16 


2.941 




17 




1 


1 


1 


19.200 


614.4 


633.6 


3.125 


50/50 


8 



*When the duty cycle Is not exactly 50% it is 50% ± 10% 



WD1943-06 or WD1945-06 
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OPERATION WITH A CRYSTAL 

The WD1943/45 Baud Rate Generator may be driven by 
either a crystal orTTL level clock. When using a crystal, the 
wavefomi that appears at pins 1 (XTAL/EXT 1) and 18 
(XTAL/EXT 2) does not conform to the normal TTL limits of 
V|L < 0.8V and V|h > 2.0V. Figure 1 illustrates a typical 
crystal waveform when connected to a WD1943/45. 

Since the D.C. level of the waveform causes the least 
positive point to typically be greater than 0.8V, the 
WD1943/45 is designed to lool< for an edge, as opposed to a 
TTL level. The XTAUEXT logic triggers on a rising edge of 
typically 1V in magnitude. This allows the use of a crystal 
without any additional components. 

OPERATIONS WITH TTL LEVEL CLOCK 

With clock frequencies in the area of 5 MHz, significant 
overshoot and undershoot ("ringing") can appear at pins 1 
and/or 18. The clock oscilator may, at times be triggered on 
a rising edge of an overshoot or undershoot waveform, 
causing the device to effectively "double-trigger." This 
phenomenon may result as a twice expected baud rate, or 
as an apparent device failure. Figure 2 shows a typical 
waveform that exhibits the "ringing" problem. 

The design methods required to minimize ringing Include 
the following: 

1. Minimize the P.O. trace length. At 5 MHz, each Inch of 
trace can add significantly to overshoot and undershoot. 

2. Match impedances at both ends of the trace. For 
example, a series resistor near the device may be 
helpful. 

3. A uniform impedance is important. This can be ac- 
complished through the use of: 

a parallel ground lines 

b. evenly spaced ground lines crossing the trace on the 
opposite side of PC board 

c. an inner plane of ground, e.g., as in a four layered PC 
board. 

in the event that ringing exists on an already finished 
board, several techniques can be used to reduce it. These 

are: 

1. Add a series resistor to match impedance as shown in 
Figure 3. 

2. Add pull-up/pull-down resistor to match impedance, as 
shown in Figure 4. 

3. Add a high speed diode to clamp undershoot, as shown 
In Figures. 



The method that is easiest to implement in many systems 
is method 1, the series resistor. The series resistor will 
cause the D.C. level to shift up, but that does not cause a 
problem since the OSC is triggered by an edge, as opposed 
to a TTL level. 



The 1943/45 Baud Rate Generator can save both board 
space and cost in a communications system. By choosing 
either a crystal or a TTL level clock, the user can minimize 
the logic required to provide baud rate clocks in a given 
design. 



POWER LINE SPIKES 

Voltage transients on the AC power line may appear on the 
DC power output. If this possibility exists, it is suggested 
that a by-pass capacitor is used between -f- 5V and GND. 



CRYSTAL SPECIFICATIONS 

User must specify tennlnation (pin, wire, other) 

Frequency — See Tables 1-6. 

Temperature range O'C to +70<'C 

Series resistance < 508 

Series resonant 

Overall tolerance ± 0.01% 



CRYSTAL MANUFACTURERS (Partial List) 

American Time Products Div. 
Frequency Control Products, Inc. 
61-20 Woodside Ave. 
Woodside, New York 1 1377 
(213)458-5811 

Bliley Electric Co. 
2545 Grandview Blvd. 
Erie, Pennsylvania 16508 
(814)838-3571 

M-tron Ind. Inc. 
P.O. Box 630 

Yankton, South Dakota 57078 
(605)665-9321 

Erie Frequency Control 

453 Lincoln St. 

Calisle, Pennsylvania 17013 

(714)249-2232 
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Figure 3. SERIES RESISTOR TO MATCH IMPEDANCE 




Typical Values 
R1 = R3 = 2.7K 
R2 = R4 = 3.3K 



Figure 4. PULL-UP/PULL-DOWN RESISTORS TO MATCH IMPEDANCE 




Figure 5. HIGH-SPEED DIODE TO CLAMP UNDERSHOOT 



See page 725 for ordering information. 
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Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license Is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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Printed in U S A 



WESTERN DiGITAL 
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PR1472(PSAR) 
Programmable Synchronous & Asynchronous Receiver 



FEATURES 

SYNCHRONOUS, ASYNCHRONOUS OR 
ISOCHRONOUS OPERATION 
DC TO 640K BITS/SEC (IX CLOCK) PR1 472-01; 
DC TO 100K BITS/SEC PR1472 
PROGRAMMABLE MATCH (FILL) CHARAC- 
TER WITH MATCH DETECT FLAG. 
INTERNAL OR EXTERNAL CHARACTER 
SYNCHRONIZATION 
NINE BIT WIDE RECEIVER HOLDING 
REGISTER 

SELECTABLE 5, 6, 7 OR 8 BITS PER 
CHARACTER 

EVEN/ODD OR NO PARITY SELECT 
PROGRAMMABLE CLOCK RATE; 1X, 16X, 32X 
OR 64X 

AUTOMATIC START AND STOP BIT STRIP- 
PING 

AUTOMATIC CHARACTER STATUS AND 
FLAG GENERATION 

THREE STATE OUTPUTS — BUS STRUCTURE 
CAPABILITY 
DOUBLE BUFFERED 
TTL & DTL COMPATIBLE — INTERNAL 
ACTIVE PULLUP 

COMPATIBLE TRANSMITTER, PT1482 



GENERAL DESCRIPTION 

The Western Digital PR1472 (PSAR) is a program- 
mable receiver that interfaces variable length serial 
data to a parallel data channel. The receiver con- 
verts a serial data stream into parallel characters 
with a format compatible with all standard Syn- 
chronous, Asynchronous, or Isochronous data 
communications media. 

Contiguous synchronous serial characters are 
compared to a programmable Match-Character 
Holding Register, character synchronized and 
assembled. Programming the Asynchronous or 
Isochronous Mode provides assembly of characters 
with start and stop bit(s) which are stripped from 
the data. Four internal registers, in conjunction 
with Three-State Outputs provide full system 
versatility. 

The PSAR Is a TTL compatible device. The use of 
Internal active pull-up devices and push-pull 
output drivers, provides direct compatibility with 
all forms of current sinking logic. Western Digital 
also offers a Compatible Transmitter, the PT1482. 
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(•5V)Vss C 

RMS3 c 

MHR5 n 

MHR7 c 

WLS1 C 
CD 
RR9 
RR8 
RR7 
RR6 
RR5 
RR4 
RR3 
RR2 
RRl 

(-12V) Vqg 

MHR3 C 

MHRi C 
PI C 
(GND) Vdd C 



1 KJ 



40 3 MHRa 
39 D RMS2 
38 3 MHRe 

37 a RMSi 
36 □ MHR4 
35 □ Rl 
34 :3 MHRL 
33 3 cfTL 
32 □ MR 
31 3 RRC 
30 3 MDET 
29 3 PE 
28 3 FE/SS 
27 3 OE 
26 3 OR 
25 3 DRR 
24 3 SFR 
23 3 WLS2 
22 3 MHR2 
21 3 EPE 



PIN CONNECTIONS 



PI WLS2 RMS2 

CRL EPE WLS1 RMS1 RMS3 

i i i n \ \ i 



CONTROL REGISTER 



MR 
CD- 



Rl 



VSS(+5V) 
VDD(GND) 
VQG (- 12V) 



MHR7 MHR5 MHR3 MHRI 

MHR8 MHR6 MHR4 MHR2 MHRL 



MATCH CHARACTER 
HOLDING REGISTER 



RECEIVER REGISTER 



COMPARATOR 



TIMING AND CONTROL 



RECEIVER HOLDING 
REGISTER 



SFR f OE T RRC T DRR 

PE FE/SS OR 



triTTTTTf 

RR9 ▼ RR7 T RR5 T RR3 ▼ RR1 

RR8 RR6 RR4 RR2 



PR1472 BLOCK DIAGRAM 
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PIN 
NUMBER 



I/O NAME 



SYMBOL 



FUNCTION 



37, 39, 2 



POWER SUPPLY 

RECEIVER MODE 
SELECT 



RMS.,RMS2, 
RMS3 



18,22 
17,36,3, 
38, 4, 40 



MATCH-CHARACTER 
HOLDING REGISTER 
DATA 



MHR,, MHR2, 
MHR3, MHR4, 
MHRs, MHRe, 
MHR/.MHRb 



5,23 



WORD LENGTH 
SELECT 



WLSi.WLSa 



+ 5 Volt Supply 

A low-level input voltage, Vil, applied to CD (pin 
6) enables RMSi, RMS2, and RMSs inputs. Tlie 
Receiver Mode Select Inputs, in conjunction with 
the Control Register Load and Chip Disable, 
select the Receiver operating mode. RMSi, RMS2, 
and RMSa may be strobed or hard-wired to the 
appropriate Input voltage. 

RMSs RMS2 RMSi Selected Operating Mode 



0 


0 


0 


ASYNCHORISOCH, 








IX CLOCK 


0 


0 


1 


ASYNCHORISOCH, 








16X CLOCK 


0 


1 


0 


ASYNCHORISOCH, 








32X CLOCK 


0 


1 


1 


ASYNCHORISOCH, 








64X CLOCK 


1 


X 


0 


SYNCH-EXTERNAL 








CHARACTER 








SYNCHRONIZATION 


1 


X 


1 


SYNCH-INTERNAL 








CHARACTER 








SYNCHRONIZATION 



NOTE: When operating in asynchronous or 
isochronous mode with IX clock there is 
no protection against false start bits. 

A high-level input voltage, V|h, applied to CD dis- 
ables RMSi, RMS2 and RMS3. 

A low-level input voltage, Vil, applied to CD (pin 
6) enables the inputs to th e Match-Character 
Holding Register Load, MHRL. Parallel 8-bit char- 
acters are input in to the Match-Character Holding 
Register with the MHRL Strobe (pin 34). If a char- 
acter of less than 8 bits has been selected (by 
WLSi and WLS2), only the least significant bits are 
accepted. These inputs may be strobed or hard- 
wired to the appropriate input voltage. A high- 
level input voltage, Vil, applied to CD disables 
MHRi and MHRe. 

A low-level input voltage, Vil, applied to CD (pin 6) 
enab les the inputs of the Control Register Load, 
CRL. Parallel 8-bit characters are input into the 
Control Register with the CRL Strobe (pin 4), 
WLSi and WLS2 select the transmitted character 
length from five (5) to eight (8) bits defined by the 
Truth Table below: 



WLSj 

V,L 
V,L 
V|H 
V,H 



WLSi 

Vil 

V|H 
V,L 
V|H 



Selected Word Length 

5 BITS 

6 BITS 

7 BITS 

8 BITS 



WLSi and WLS? may be strobed or hard-wired to 
the appropriate input voltage. A high-level input 
voltage, V|h, applied to CD disables WLSi and 
WLS2. 
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PIN 
NUMBER 



I/O NAME 



SYMBOL 



FUNCTION 



CHIP DISABLE 



CD 



7-15 



RECEIVER HOLDING- 
REGISTER DATA 
OUTPUT 



RR9-RR1 



16 
19 

20 
21 



POWER SUPPLY 
PARITY INHIBIT 

POWER SUPPLY 
EVEN PARITY ENABLE 



Vgg 
PI 

Vdd 
EPE 



29 



PARITY ENABLE 



PE 



This line controls the disable associated with bus- 
able inputs and Three-State outputs. A high-level 
input voltage, V|h, applied to this line disables 
inputs and removes drive from push-pull output 
buffers causing them to float. Drivers of disables 
outputs are not required to sink or source cur- 
rent. The I/O Lines controlled by Chip Disable are 
defined below: 

Input Lines Three-State Output Lines 

CRL DRR PE RRt-RRe 

EPE SFR FE 

PI MHRL OE 

WLS1WLS2 MHRi-MHRs 
RMS,-RMS3 

A low-level input voltage, V|l, applied to CD (pin 
6) enables the Receiver Holding Register out- 
puts, RR1-RR9. The parallel data character, in- 
cluding parity (RR9), appears on these lines. 
Program control selection of a word length less 
than eight (8) bits will cause the most significant 
bits of the character to be forced to a low-level 
output voltage. Vol- The character will be right 
justified. RRi (pin 15) is the least significant bit 
of the character. A high-level input voltage, V(h, 
applied to CD disables RR1-RR9. 

- 12 Volts Supply. 

A low-level input voltage, Vil, applied to CD (pin 
6) enables the EPE and PI inputs. 

Ground - OV 

The Even Parity Enable Input and the Parity 
Inhibit Input to the Control Register, in conjunc- 
tion with the Control Register Load and Chip Dis- 
able, select even, odd or no parity to be verified by 
the receiver. A high-level input voltage, Vih, app- 
lied to EPE selects even parity and a low-level 
input voltage, Vil, select odd parity if a low-level 
input voltage is applied to Parity Inhibit and Chip 
Disable. PI and EPE may be strobed or hard-wired 
to the appropriate input voltage. 

PI EPE Selected Parity Comments 

V|L V,u Odd CD = V,L 

V|L V|H Even CD = V|l 

V|H X None CD = V,l 

NOTE: If CD = V|h, no programming is performed 
since inputs are disabled. 

X — either V|l or V|h. When programmed, the 
appropriate parity is verified following the last 
data bit of a character, immediately preceding 
the stop element of asynchronous and iso- 
chronous characters. 

A high-level input voltage, V|h, applied to CD dis- 
ables EPE, PI, and CRL. 

A high-level input V||^ enables parity. A low level 
input V|H disables parity. 
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PIN 
NUMBER 



I/O NAME 



SYMBOL 



FUNCTION 



24 



25 



26 



STATUS FLAG RESET 



DATA R ECEIVED 
RESET 



DATA RECEIVED 
FLAG 



SFR 



DRR 



DR 



27 



OVERRUN ERROR 
FLAG 



OE 



28 



FRAMING ERROR/ 
SYN SEARCH 



FE/SS 



A low-level i nput voltage, V|l, applied to CD (pin 6) 
enables the SFR input. A low-level input voltage, 
V|L, applied to this line resets the PE, FE and 
OE Status Flags. 

A low-level inp ut vo ltage, V|l, applied to CD (pin 
6) enables the DRR input. A low-level input volt- 
age, V|L, applied to this line resets the DR Flag. 
A hig h-leve l input voltage, V|h, applied to CD dis- 
ables DRR. 

A high-level output voltage, Vqh, indicates that 
an entire character has been received and trans- 
ferred to the Receiver Holding Register. When 
operating in the synchronous mode, the first 
SYN character, when located and transferred to 
the Receiver Holding Register, will not cause DR 
to go to a high-level output voltage, Vqh- but 
will cause MDET to go to a high-level output 
voltage. Character transfer to the Receiver Hold- 
ing Register occurs in the center of the last bit 
of a synchronous character or the center of the 
first STOP element of an asynchronous or iso- 
chronous character at which time this flag is 
updated. 

A low-level input voltage, V|l, applied to CD (pin 
6) enables the OE input. A high-level output 
voltage, Voh> indicates that the prevously received 
character was not read (DR line not reset) and 
was, therefore, lost before the present character 
was transferred to the Receiver Holding Register. 
This transfer occurs in the center of the last bit 
of a received synchronous character or in the 
center of the first STOP element of an asyn- 
chronous or isochronous character at which 
time this flag is updated. 

A high-level input voltage, Vqh. applied to CD 
disables OE. 

FE/SS is a two-way (I/O) bus. If programmed for 
the ASYNCHRONOUS or ISOCHRONOUS tVlODE, 
a low-level input voltage, V|l, applied to CD (pin 
6) enables the FRAMING ERROR FLAG output 
which indicates the status of the STOP BIT 
detection circuit. A high-level output voltage, 
Vqh. indicates that the character transferred to 
the Receiver Holding Register has no valid STOP 
BIT; i.e., the bit following the PARITY BIT is not 
a high-level input voltage, V|h. This transfer 
occurs in the center of the first stop element at 
which time this flag is updated. 

When programmed for the SYNCHRONOUS 
MODE, this line is an input and is not under 
control of CD. This line should be driven by a 
tri-state or an open collector device. 

If programmed for INTERNAL CHARACTER 
SYNCHRONIZATION, a transition from a low- 
level input voltage, V|l, to a high-level input 
voltage, V|h, initiates the automatic internal 
"SYN" CHARACTER search operation 
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PIN 
NUMBER 



I/O NAME 



SYMBOL 



FUNCTION 



28 



FRAMING ERROR/ 
SYN SEARCH 



FE/SS 



30 



MATCH DETECT 
FLAG 



MDET 



31 



RECEIVER REGISTER 
CLOCK 



RRC 



Prior to initiation of this operation, the Receiver 
Holding Register is "transparent" so that its con- 
tents are identical to that of the RECEIVER REG- 
ISTER. Upon receipt of a SYN character, (pre- 
viously loaded into the Match-Character Holding 
Register during initialization), the Receiver Hold- 
ing Register becomes non-transparent, the 
MATCH DETECT output (MDET) goes to a high- 
level output voltage. Voh> but, the Data Received 
(DR) FLAG does not assume a high-level outpiJt 
voltage, Vqh- The P/SAR is now in character 
synchronization. Subsequent SYN or data char- 
acter will be transferred to the RECEIVER HOLD- 
ING REGISTER as they are assembled (at the 
center of the last bit) and the DR FLAG will be 
raised. A transition from a high-level input volt- 
age, V|^^, to a low-level input voltage, V|l, causes 
the P/SAR to lose character synchronization 
and forces the Receiver Holding Register to 
become "transparent." 

If programmed for EXTERNAL CHARACTER SYN- 
CHRONIZATION, the system external to the 
P/SAR examines the data stream for "SYN" 
characters when SYN SEARCH is a low-level 
input voltage, V|l. The Receiver Holding Register 
is "transparent" which allows the contents of 
the RECEIVER REGISTER tQbe monitored as it 
ripples through the shift register. When the ex- 
ternal logic locates a "SYN" CHARACTER, in- 
dicated by a high-level input voltage, Vqh. on 
MDET, the SYN SEARCH line is externally raised 
to a high-level input voltage, Vm. This high-level 
input voltage causes character synchronization 
to be initiated, returns the Receiver Holding 
Register to a "non-transparent" condition, caus- 
ing subsequent characters to be transferred to 
the RECEIVER HOLDING REGISTER (when the 
center of the last bit of a character is recognized) 
and raises the DR FLAG. 

A high-level output voltage, Vqh, indicates that 
the contents of the Transmitter Register are 
identical to the contents of the Match-Character 
Holding Register. This flag is set to a high-level 
output voltage, Vqh, at the center of the first 
STOP ELEMENT of an asynchronous or iso- 
chronous character. 

This fifty (50) percent duty cycle clock provides 
the basic receiver timing. The negative transition 
from a high-level input voltage, Vih, to a low-level 
input voltage, V,l, shifts data into the RECEIVER 
REGISTER at a rate determined by RMSi, 
RMSj and RMSs. Synchronous operation re- 
quires that this negative transition occur at 
the center of each data bit. 
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PIN 
NUMBER 


I/O NAME 


SYMBOL 


FUNCTION 


32 


MASTER RESET 


MR 


A high-level input voltage, Vih, applied to this line 
resets timing and control logic to an idle state, 
sets the contents of the Receiver Holding Register 
to a high-level output voltage, Vqh, resets the 
contents of the Match-Character Holding Reg- 
ister, the MDET, DR, PE, FE, and OE outputs to 
a low-level output voltage, Vql, but does not 
effect the contents of the control register. 


33 


CONTROL REGISTER 
LOAD 


CRL 


A low-level input voltage, Vil, applied to CD (pin 
6) enables the CRL input. A low-level input volt- 
age, V|L, applied to this line enables inputs to 
DC "D Type" Latches of the Control Register 
and loads it with Control Bits (ERE, PI, RMSt, 
RMSj, RMS3, WLS., WLS2). A high-level input 
voltage, V|h, applied to this line disables the 
Control Register. This line may be strobed or 
hard-wired to a low-level input voltage, V(l. A high- 
level input voltage, V|h, applied 'to CD disables 
CRL. 


34 


MATCH CHARACTER 
HOLDING REGISTER 
LOAD 


MHRL 


A low-level input voltage, V|l, applied to CD (pin 
6) enables the MHRL input. A low-level input 
voltage, Vil, applied to this line enables input 
to DC "D Type" Latches of the Match-Character 
Holding Register and loads it with the Match- 
Character Holding Register. This line may be 
strobed or hard-wired to a low-level input voltage, 

V,L. 

A high-level input voltage, Vih, applied to CD dis- 
ables MHRL 


35 


RECEIVER INPUT 


Rl 


The serial input data stream received on this 
line enters the Receiver Register determined by 
the character length, parity and the number of 
stop bits programmed. A high-level input voltage, 
V,H, must be present when no ASYNCHRONOUS 
data is being received. 



ORGANIZATION 

PR1472 block diagram is illustrated on page 1 , 

Control Register — Programming of the PSAR is 
accomplished by loading the 7 Bit Control register. 
Mode selection, clock division, word length, and 
parity are selected when the Control Register Load 
(CRL) signal is activated. 

Roceiver Register — The Receiver Register is used 
to store the incoming data stream. The contents 
of this register can be gated to the Holding register 
during the transparent mode, or compared with 
the Match Holding Register. When a character is 
assembled it is transferred to the Receiver Hold- 
ing Register. 

Receiver Holding Register — The Receiver Holding 
Register, a buffer register, is used to store the 
assembled character. 

Match Holding Register — The Match Holding 
Register is used to store the match character. The 
contents of this register are compared with the 



receiver register to establish character synchroni- 
zation. 

Timing & Control — The Timing and Control Logic 
generates the required control signals to assemble 
characters, match comparison, bit stripping, and 
generation of status/flag signals. 

SYNCHRONOUS MODE OPERATION 

Synchronous data appears as a continuous bit 
stream of contiguous characters at the input to 
the receiver with no Start or Stop bits. Character 
synchronization (the "framing" of this continuous 
bit stream into characters of a predetermined fixed 
length), must be accomplished by a comparison 
of this bit stream and a synchronization sequence. 
The P/SAR is designed to accommodate internal 
or external character synchronization by program 
control. 

Referring to the Block Diagram of the Receiver, the 
Chip Disable (CD) enables or disconnects various in- 
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puts and outputs of the P/SAR. This feature pro- 
vides the device with the capability of being dis- 
connected from the system bus. The inputs to the 
Control Register and Match-Character Holding 
Regi ster a nd their respective load strobes, CRL 
and MHRL are under CD control. In addition, DRR, 
SFR, PE, and OE and the outputs of the Receiver 
Holding Register, are also controlled by CD. It is 
necessary that CD enable these lines to allow strob- 
ing information in these registers and to allow 
examination of these output flags and data. 

Device operation is programmed subsequent to 
being forced into its "idle" state. The P/SAR will 
enter a defined "idle" state when the Master Reset 
(MR) line is strobed to a high-level input voltage. 
In this state, all timing and control logic are reset, 
the contents of the Receiver Holding Register is 
set to a high-level output voltage and ail output 
flags are reset to a low-level output voltage. The 
Master Reset also causes the contents of the Match- 
Character Holding Register to be reset to a low- 
level output voltage. 

Enabled by C D, the Control Register Is loaded by 
strobing CRL to a low-level input voltage which 
defines mode of operation and clock rate selection, 
character length and selected parity if required. 
Table 1 illustrates all programmable synchronous 
formats. 

Character synchronization from the data stream 
requires Receiver recognition of specific bit pat- 
tern(s) which define the relative position of syn- 
chronous characters in the data stream and sub- 
sequent character assembly. The P/SAR program- 
mably accommodates internal or external character 
.•synchronization. 

Programmed for internal character synchroniza- 
tion, a high-level input voltage on the Sync Search 
line, the Receiver Holding Register is "trans- 
parent" and its contents are identical to the Re- 
ceiver Holding Register. The data stream, gated 
into the Receiver Input (Rl) by the negative 
transition of the Receiver Register Clock (RRC), 
shifts through the Receiver Register and is com- 
pared with the preprogrammed character in the 
Match-Character Holding Register. A match, in- 
dicated by a high-level output voltage on Match 
Detect (MDET), returns the Receiver Holding register 
to its non-transparent state and initializes timing 
and control logic but does not set the Data Received 
Flag to a high-level output voltage. The character 
following the match will be transferred to the Re- 
ceiver Holding Register at the receipt of the center 
of its last bit and the Data Received Flag is set to 
a high-level output voltage. Depending on line dis- 
cipline, this last character may also be a synchroni- 
zing character, in which case, Match Detect will 
continue to be a high-ievel output voltage when 
the Data Received Flag is set. Therefore, sequence 
verification can be performed by the system (ad- 
ditional hardware or software as desired). 



Parity, if programmed, is verified upon receipt of 
the center of the parity bit which is the last bit of a 
synchronous character. If a parity error exists, the 
associated PE register is set to a high-level output 
vojtage. 

Transfer of a character to the Receiver Holding 
Register sets the associated Data Received Register 
Flag (DR) to a high-level output voltage. The transfer 
of a character to the Receiver Holding Register, If 
the Data Received Register Flag had already been 
set to a high-level output voltage, causes the pre- 
vious character to be lost (written over) and is alerted 
by an Overrun Error Flag which is a high-level out- 
put voltage. In no rmal operation, the Data Received 
Flag is reset by DRR when the Receiver Holding 
Register is serviced (unloaded). The Status Flags, 
PE a nd OE, are also provided with an external reset 
SFR so that block status and character status may 
be (accumulated) verified. A low-level input voltage 
on Sync Search causes character synchronization 
to be lost and initiates transparency of the Receiver 
Holding Register. 

External character synchronization, programmed 
by the Control Register, is similar to the descrip- 
tion above with the exception that the Sync Search 
line controls the nontransparency of the Receiver 
Holding Register directly and comparison is done 
externally. Upon recognition of the appropriate 
synchronizing pattern, the Sync Search line is set 
to a high-level input voltage prior to the end of the 
last bit. Raising the Sync Search line to a high- 
level input voltage causes the buffer to go "nontrans- 
parent", initializing timing and control circuitry to 
"frame" characters. The first bit received after a 
high-level input voltage is applied to Sync Search, 
defines the start of the "frame". Character length 
defined by the Control Register defines the end of 
the "frame". 

Table 1. SYNC MODE CONTROL DEFINITION 



CONTROL WORD 



R W W 

M L L E 

S S S P P 

3 2 1 I E 



0 0 
0 0 



0 0 1 



1 1 
0 0 



1 1 
1 1 



CHARACTER FORMAT 



DATA PARITY BIT 
BITS CHECKED 



ODD 
EVEN 
NONE 

ODD 
EVEN 
NONE 

ODD 
EVEN 
NONE 

ODD 
EVEN 
NONE 



Sets to SYNC Mode 



If RMSi = 1, the receiver operates In the Internal 
character SYNC mode. 

If RMSi = 0, character SYNC must be externally provided. 



(fi 

I 
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•CLOCK SHOWN IS BIT RATE CLOCK (IX) NOTE |^^^ FLOATING 

(EXTERNAL SYNCHRONIZATION) 



SYNCHRONOUS TIMING DETAIL 
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ASYCHRONOUS & ISOCHRONOUS MODE 

The completed assembly of a parallel character, by 
the P/SAR, from a serial data stream and buffered 
by Its Receiver Holding Register is Indicated by the 
status of the Data Received (DR) Flag. The assembly 
of character from a serial data stream consisting 
of a start bit, data, parity (if programmed), and a 
I stop interval is initiated by the Start bit transition. 

Verification of parity and receipt of a valid stop bit 
is accomplished prior to the character transfer to 
the Receiver Holding Register. Simultaneously, 
this data is compared with a preprogrammed char- 
acter in the Match-Character Holding Register. 

Status Flags, Data Received, Parity Error, Framing 
Error, Overrun Error and Match Detect are loaded 
into status registers during character transfer to 
the Receiver Holding Register. 

Referring to the Block Diagram of the Receiver, the 
Chip Disable enables or disconnects various inputs 
and outputs of the P/SAR. This feature provides 
the device with the capability of being disconnected 
from the system bus. The inputs to the Control 
Register and Match-Character Holding R egiste r 
and their respective load strobes, 5rL a nd MHRL 
are under CD control. In addition, DRR, SFR, PE, 
FE, OE and the outputs of the Receiver Holding 
Register are also controlled by CD. It is necessary 
that CD enable these lines to allow strobing in- 
formation into these registers and to allow examina- 
tion of these output data and flags. 

Device operation Is programmed subsequent to 
being forced into its "Idle" state. The P/SAR will 
enter a defined "idle" state when the Master 
Reset (MR) line Is strobed to a high-level Input 
voltage. In this state, all timing and control logic 
are reset, the contents of the Receiver Holding 
Register is set to a high-level output voltage, and 
all output flags are reset to a low-level output 
voltage. The Master Reset also causes the con- 
tents of the Match-Character Holding Register to 
be reset to a low-level output voltage. 

When the Receiver is enabled by CD, loading the 
Contr ol Re gister by strobing the Control Register 
Load (CRL) line to a low-level input voltage defines 
the mode of operation and clock rate selection, 
character length and selected parity if required. 
Table 2 illustrates all the programmable asynchro- 
nous formats. 

A mark to space transition on the receiver input 
initializes the clock counter causing it to count to 
the theoretical center of the start bit. At this time, 
the input is sampled. A high-level input voltage at 
the Receiver Input causes the first mark to space 
transition to be interpreted as a noise spike and 
resets all timing and control logic. This provides 
one-half data bit noise Immunity on all clock selec- 



tion rates except 1X. A low-level input voltage at 
the Receiver Input at the theoretical center of the _ 
start bit causes timing and control circuitry to 2 
sample the theoretical center of succeeding data 
bits. This data is shifted through the Receiver ^ 
Register. When an entire character (as defined by Jo 
the Control Register) is assembled in the Receiver -qg 
Register, the line is "tested" for a valid stop bit at ^ 
its theoretical center. This character Is also com- ^ 
pared with the contents of the Match-Character jj 
Holding Register at the center of the stop bit ^ 
and its parity is verified. A parallel transfer occurs, 
loading the contents of the Receiver Register (less 
start and stop bits) into the Receiver Holding Reg- 
ister. The status of the parity verification, framing 
error, and overrun error circuitry are also loaded 
into their approriate registers to provide output 
error flags when the Data Received Flag Is set. If 
the Data Received Flag had not been reset prior to 
the assembly of the current character, the previous 
character Is lost and this is Indicated by a high-level 
output voltage on the Overrun Error Flag. 



Table 2. ASYNCHRONOUS OR ISOCHRONOUS 
MODE CONTROL DEFINITION 



R 


w 


w 














M 


L 


L 




E 






Added 




S 


s 


s 


P 


P 


start 


Data 


Parity 


Stop 


3 


2 


1 


1 


E 


Bit 


Bits 


Bit 


Elennents 


0 


0 


0 


0 


0 




5 


Odd 


1 or more 


0 


0 


0 


0 


1 




5 


Even 


1 or more 


0 


0 


0 


1 


X 




5 


None 


1 or more 


0 


0 


1 


0 


0 




6 


Odd 


1 or more 


0 


0 


1 


0 


1 




6 


Even 


1 or more 


0 


0 


1 


1 


X 




6 


None 


1 or more 


0 


1 


0 


0 


0 




7 


Odd 


1 or more 


0 


1 


0 


0 


1 




7 


Even 


1 or more 


0 


1 


0 


1 


X 




7 


None 


1 or more 


0 


1 


1 


0 


0 




8 


Odd 


1 or more 


0 


1 


1 


0 


1 




8 


Even 


1 or more 


0 


1 


1 


1 


X 




a 


None 


1 or more 






Set to ASYNC or ISOC Mode 





When RMSa is 0 (ASYNC or ISOC Mode), RMSj and 
RMS3 determine the clock frequency according to 
the following table: 



RMS2 


RMS, 


Clock Frequency 


0 


0 


1X Baud Rate 


0 


1 


16X Baud Rate 


1 


0 


32X Baud Rate 


1 


1 


64X Baud Rate 
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"U u 
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ASYNCHRONOUS & ISOCHRONOUS TIMING EXAMPLE 



EPE. PI, WLSi. WLS2. RMS1-RMS3. 
MHRi-MHRe 



|— T>0 » 



CRL 
MHRL 



Tpw ■ 



■Tf 



DRR 
SFR 



■ThOLD 




DR 

PE. FE. OE 



• treset ■ 



DATA INPUT LOAD CYCLE 



RESET DELAY 



SWITCHING WAVEFORMS 



414 




PR1472 SYNCHRONOUS ASYNCHRONOUS RECEIVER FLOW CHART 
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nJlJTJTJlJljnJXnjTJlJTJTJTJ^^ 



NOMINAL 



STOP TRANSITION 



PE. FE. OE O 



RRl-RRa 



I NOMINAL BIT CENTER 

'A 




1. DATA AND ERROR FLAGS ARE VALID ATTHETIMENAL CENTER OF THE FIRST STOP BIT + V2 CLOCK. 

2. DR IS DELAYED 200ns FROM DATA AND ERROR FLAGS 

3. THE DELAY BETWEEN DRR AND DR = T<j = 500ns 

4. DRR SHOULD BE HIGH A MINIMUM OF "A" ns (Tj + CLOCK + 200ns) PRIOR TO THE NEXT RISING EDGE OF DR. 



TIMING DETAIL 



RRC 



RR1-RRg 



DR 



RRC = 1X, ieX,32Xor64X 



,0V 
0.8V 



% 

!.0V -jC 



X 



2.0V 
0.8V 



■ ^ — "TdR "H 

' DELAY I 



2.0V 



NOTES: 

1. THE FALLING EDGE SHOWN REPRESENTS THE CENTER OF THE FIRST STOP BIT 

2. THE RISING EDGE SHOWN REPRESENTS THE FIRST RISING EDGE OF RRC AFTER THE CENTER OF THE FIRST STOP BIT. 



Figure 1 PR1472 TIMING DETAIL 
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MAXIMUM RATINGS 

Vgg Supply Voltage + 0.3V to -20V *Vgg = Vdd = OV TJ 

Vdd Supply Voltage + 0.3V to -20V NOTE: These voltages are measured with respect to 5 

Clock Input Voltage* + 0.3V to -20V Vss (Substrate). ^ 

Logic Input Voltage* + 0.3V to -20V vssv ; ^ 

Logic Output Voltage* + 0.3V to -20V lO 

Storage Temperature Ceramic -65°Cto +150°C 

Plastic -55°C to + 125°C C/) 

Operating Free-Air 51 

Temperature Ta Range O-Cto+SO'C 3 
Lead Temperature 

(Soldering, 10 sec) SOO'C 

ELECTRICAL CHARACTERISTICS 

(Vss = VCG = 5V ± 5%, Vdd = OV, Vgg = -12V ± 5%, Ta = O'C to H-SO'C unless otherwise 

specified.) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


CONDITIONS 


VlL 
V|H 


INPUT LOGIC LEVELS^ 

Low-level Input Voltage 
High-level Input Voltage 


VSS-1.5V 


0.8V 


Vss = 4.75V 


Vol 

VOH 


OUTPUT LOGIC LEVELS^ 
Low-level Output Voltage 

High-level Output Voltage 


VSS-1.0V 


0.5V 


Vss = 5.25V 
lOL = 1.6mA 
Vss = 4.75V 
lOH = -lOO^A 


l|L 


INPUT CURRENr 

Low-level Input Current 
(each input) 




-1.6mA 


Vss = 5.25V 
V|N = 0.4V 


ILO 


Output Leakage Current 




10m A 





NOTE: 1) Inputs under Chip Disable control when disabled, (Vih applied to CD), are logically disabled and 
appear as a single TTL Load. 
2) Outputs under Chip Disable control when disabled (V|h applied to CD), are logically and electrically 
disconnected and caused to float. The Three-State Output has three stages; 
(1) Low impedance to Vcc (2) Low impedance to GND (3) High impedance OFF 10 Megohm. 



SWITCHING CHARACTERISTICS 

(VSS-VCC = 5V, Vdd = OV, VqG = -12V, Ta = 25''C, Cl = 20 pf) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


CONDITIONS 


FC 


Clock Frequency 


DC 


100 KHz 


PR1 472-00 






DC 


640 KHz 


PR1 472-01 




PULSE WIDTH 








thold 


Hold Time 


20 nsec 






TCRL 


Control Register Load 


250 nsec 






tmhrl 


Match-Character 
Holding Register Load 


250 nsec 






tdrr 


Data Received Reset 


200 nsec 






TSFR 


Status Flag Reset 


200 nsec 






tmr 


Master Reset 


500 nsec 






TPD 


Output Enable Delay 




500 nsec 




tr 


Rise Time 




150 nsec 




tf 


Fall Time 




150 nsec 




Tdr DELAY 


Data Ready Delay Time 




200 nsec 
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See page 725 for ordering information. 

lO 

3 



Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for its use; nor for any Infringements of patents or other rights of third parties which may result from Its use. No license is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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Printed in U S.A 



WESTERN DIGITAL 



O R 



O N 



PT1482(PSAT) 

Programmable Synchronous & Asynchronous Transmitter 



FEATURES 

• SYNCHRONOUS, ASYNCHRONOUS OR 
ISOCHRONOUS OPERATION 

DC TO 640K BITS/SEC, IX CLOCK PT1482-01 

DC TO 100K BITS/SEC, 1X CLOCK PT1482-00 

PROGRAMMABLE MATCH (FILL) CHARACTER 

SELECTABLE 5,6,7, OR 8 BIT PER CHARACTER 

EVEN/ODD PARITY GENERATOR. PARITY IN- 
HIBIT 

PROGRAMMABLE CLOCK RATE 1X, 16X, 32X, 
OR64X. 

AUTOMATIC START & STOP BIT GENERATION IN 
ASYNCHRONOUS & ISOCHRONOUS MODES 
PROGRAMMABLE 1 AND 2 STOP BITS, (11/2 IN 
5 LEVEL MODE) 

AUTOMATIC CHARACTER STATUS AND DE- 
LIMITING SIGNAL GENERATION 
THREE STATE OUTPUTS — BUS STRUCTURE 
COMPATIBILITY 
DOUBLE BUFFERED 

TTL AND DTL COMPATIBLE — INTERNAL 
ACTIVE PULL UP 

COMPATIBLE RECEIVER, PR1472. 



GENERAL DESCRIPTION 

The Western Digital PT1482 (PSAT) is a program- 
mable transmitter that Interfaces variable length 
parallel data to a serial data channel. The trans- 
mitter converts parallel characters into a serial 
data stream with a format compatible with all 
standard Synchronous, Asynchronous or Isos- 
chronous data communications media. 

Contiguous serial characters are transmitted in 
the Synchronous Mode with the automatic inser- 
tion of a programmable Fill (Idle) Character during 
the absence of parallel input data. Programming 
the Asynchronous Mode selects serial 
transmission with automatic insertion of Start and 
Stop Bits. Isoschronous mode selects transmis- 
sion with automatic fill character insertion during 
the absence of parallel input data. Four internal 
registers and a multiplexer, in conjunction with 
Three-State Output Lines, provide full system 
versatility. 

The PSAT is a TTL compatible device. The use of 
internal active puil-up devices and push-pull 
output drivers, provides direct compatibility with 
all forms of current sinl^ing logic. Western Digital 
also offers a compatible Receiver, PR1472. 
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PIN CONNECTIONS 



PI CS1 WLS1 MSI 

CRL " ■ 



_TR8 TR6 TR4 TR2 



:RL I EPE CS2 |WLS2 MS2 THRL TR7 TR5 TR3 I TR1 

uTlTiiii U tin ill 



CONTROL REGISTER 



MR ' 
CD . 



TRO -* — 

VSS(+5V)-». 

VDO (GND)-»> 
VGG(-12V)— ^ 



TRANSMITTER HOLDING 
REGISTER 



l/H — — 

TRANSMITTER REGISTER ' MULTIPLEXER 

— IVL 



TIMING AND CONTROL 



FILL CHARACTER 
HOLDING REGISTER 



t nriTT TfrrrnTT 

IRE CTS I DA T TCO FHRL I FR7 I FR5 FR3 I FR 



CLK DAR DD 



FR8 FR6 FR4 FR2 



PT1482 BLOCK DIAGRAM 



419 



PIN OUTS 



PIN 
NUMBER 



I/O NAME 



SYMBOL 



FUNCTION 



CO 

5 



Vss POWER SUPPLY 
EVEN PARITY ENABLE 

PARITY INHIBIT 



CONTROL REGISTER 



LOAD 



6-7 



TRANSMITTER 
REGISTER CLOCK 



CLOCK RATE SELECT 



Vss 
EPE 

PI 



CRL 



TRC 



CS1-CS2 



-f 5 Volt Supply 

A low-level input voltage, V|l, applied to CD (pin 
22) enables the EPE and PI Inputs. 

The Even Parity Enable Input and the Parity 
Inhibit Input to the Control Register, in conjunc- 
tion with the Control Register Load and Chip 
' Disable, select even, odd or no parity to be 
generated by the Transmitter. A high-level input 
voltage, Vih, applied to EPE selects even parity 
and a low-level input voltage, V|l, selects odd 
parity if a low-level input voltage is applied to 
Parity Inhibit and Chip Disable. 



PI 


EPE 


SELECTED PARITY COMMENTS 


V,L 


V,L 


ODD CD = V|L 


V,L 


V,H 


EVEN CD = V,L 


V,H 


X 


NONE CD = V,L 



NOTE: IF CD = V|h, 
PERFORMED SINCE 



NO PROGRAMMING IS 
NPUTS ARE DISABLED. 



X - either V|L or V.h When programmed, the 
appropriate parity is generated following, and Is 
contiguous with, the last data bit of a character, 
immediately preceding the stop element of asy- 
chronous and isochronous characters. 

A high-level Input voltage, V|h, applied to CD 
disables EPE, PI, and CTo.. 

A low-level inp ut vo ltage, Vil, applied to CD (pin 
22) enables the CRL Input. 

A low-level input voltage, V|l, applied to this 
line enables DC Latches of the Control Register 
and loads it with Control Bits (EPE, PI, CSi, CS2, 
MSi, MS2, WLSi, WLS2). A high-level input 
voltage, V|h, applied to this line disables the 
Control Register. This line may be strobed or 
hard-wired to a low-level input voltage, V|l. A 
high-level input voltage, V|h, applied to CD, 
disables CrL. 

This is a fifty (50) percent duty cycle clock. The 
positive going edge of this Clock shifts data out 
of the Transmitter Register at a rate determined 
by the Control Bits CSi and CS2, and provides 
the basic time reference for all device functions. 

A low-level input voltage, V|l, applied to CD 
enables the CSi and CS2 inputs. These two 
lines select the internal clock rate divider ratio 
to produce the transmitter bit rate defined by 
the Truth Table below: 



CS2 

V,L 
V,L 
V,H 

V|H 



CSi 

V,L 
V,H 
V,L 

V|H 



SELECTED CLOCK INPUT RATE 
IX BIT RATE 
16X BIT RATE 
32X BIT RATE 
64X BIT RATE 
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PIN 
NUMBER 



8-9 



10 



11 



12 



13 



I/O NAME 



MODE SELECT 



DATA N OT AVAILABLE 
RESET 



TRANSMITTER 
CLOCK OUTPUT 



DATA NOT AVAILABLE 
FLAG 



DATA DELIMIT/ 
END OF CHARACTER 



SYMBOL 



MSrMSz 



DAR 



TOO 



DA 



DD/EOC 



FUNCTION 

A high-level input voltage, V|h, applied to CD 
disables CSi and CSa. 

These lines may be strobed or hard-wired to the 
appropriate input voltage. 

A low-level input voltage, V|l, applied to CD (pin 
22) enables the MSi and MS2 inputs. These 
lines select the transmitter operating mode. 

MS2 MSi MODE 

ViL V,L ASYNCHRONOUS -ONE STOP BIT 
V,L* V|H*ASYNCHRONOUS — TWO STOP BITS 
V,H V,L SYNCHRONOUS 
V|H V|H ISOCHRONOUS 

*Selects 1.5 stop bits for5-level codes. 

A high-level input voltage, V|h, applied to CD 
disables MSi and MS2. 

A low-level input volta ge, V|l, applied to CD (pin 
22) enables the DAR input. A low-level input 
voltage, V|l, applied to this line resets the Data 
Not Available Flag. A high-level Input, Vih, 
applied to CD disables DAR. This input is not 
used during asynchronous operation. 

This output is a clock at the transmitted bit rate. 
The negative going edge of this clock corre- 
sponds to the center of each transmitted data 
bit. The positive going edge corresponds to the 
start of each data bit transmission. All wave- 
forms in this specification are referenced to 
TOO. 

A low-level input voltage, V|l, applied to CD (pin 
22) enables the DA input. A high-level output 
voltage, Vqh. on this line indicates that a Fill- 
Character has been transmitted, since a charac- 
ter was not loaded into the Transmitter Holding 
Register by the center of the last bit of a Syn- 
chronous Character or the center of the Stop 
Element of an Isochronous character. A high- 
level input voltage, Vih, applied to CD disables 
DA. This input is not used during asynchronous 
operation. 

During asynchronous operation, a high-level 
output voltage, Vqh. indicates data is being 
transmitted. A low-level output voltage, Vql, 
Indicates that a Start or Stop Element is being 
transmitted. 



A low-level output voltage during synchronous 
operation indicates that the last bit of a charac- 

ter is being transmitted. 
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PIN 
NUMBER 


I/O NAME 


SYMBOL 


FUNCTION 


14 


TRANSMITTER 
HOLDING REGISTER 
EMPTY 


THRE 


A low-level input voltage applied to CD (pin 22) 
enables the THRE input. A high-level output 
voltage, Vqh. on this line indicates the Trans- 
mitter Holding Register is empty and has trans- 
ferred its contents to the Transmitter Register 
and may be loaded with a new character. This 
line goes to a low-level output voltage, Vqu, 
when THRL goes to a low-level input voltage, 
ViL. A high-level input voltage, V|h, applied to 
CD disables THRE. 


15 


TRANSMITTER 
REGISTER OUTPUT 


TRO 


The contents of the Transmitter Holding 
Register are serially shifted out as an NRZ 
waveform on this line provided that a character 
was loaded into the Transmitter Holding Regis- 
ter prior to DA Flag (in Synchronous or Iso- 
chronous Modes). If a character was not loaded 
prior to a DA Flag, the contents of the Fill- 
Character Register are transmitted as the next 
character. 


16 


Vgg POWER SUPPLY 


Vgg 


- 12 Volts Supply. 


17 


CLEAR-TO-SEND 


CTS 


The Clear-To-Send Control initiates or disables 
transmission as a function of the state of this 
line. A high-level input voltage, V|h, initiates 
serial data transmission provided a character 
has been loaded into the Transmitter Holding 
Register. A low-level input voltage, Vil, applied 
to this line during transmission allows comple- 
tion of that character only, after which the 
output will continue to mark until a high-level 
input voltage is applied. 


18 


MASTER RESET 


MR 


The rising edge of a high-level input voltage, 
V|H, applied to this line resets timing and 
control logic to an idle state, sets THRE, the 
contents of the Fill-Character Holding Register, 
and TRO to a high-level output voltage, Vqh. 


19 


TRANSMITTER 


THRL 


A low-level Input voltage, V|l, applied to CD (pin 




HOLDING REGISTER 
LOAD 




22) enables the THF^L input. A low-level input 
voltage, Vil, applied to this line enables DC 
Latches of the Transmitter Holding Register 
and loads It with the Transmitter Holding 
Register data and forces THRE to a low-level 
output voltage, Vol- A high-level input voltage, 
V|H, applied to this line disables the Transmitter 
Holding Register. A high-level input voltage, 
V|H, applied to CD disables THRL. 


20 


FILL-CHARACTER 


FHRL 


A low-level input voltage, Vil, applied to CD (pin 




HOLDING REGISTER 
LOAD 




22) enables the FHRL input. A low-level input 
voltage, V|l, applied to this line enables DC 
Latches of the Fill-Character Holding Register 
and loads it with the Fill-Character Register 
data FRi-FRg. A high-level input voltage, V|h, 
applied to this line disables the FHRL Register. 
This line may be strobed or hard-wired to a low- 
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PIN 
NUMBER 


I/O NAME 


SYMBOL 


FUNCTION 








level input voltage, V|l. This input is not used 
during asynchronous operation. 








A high-level input voltage, V|h, applied to CD 
disables FHRL 


21 


Vdd power supply 


Vdd 


Ground. 


22 


CHIP DISABLE 


CD 


This line controls the disconnect associated 
with busable inputs and Three-State outputs. A 
high-level input voltage, V|h, applied to this line 
removes drive from push-pull outputs causing 
them to float. Drivers of disabled inputs are 
required to sink or source current. The I/O Lines 
controlled by Chip Disable are defined below: 

INPUT LINES TRI-STATE OUTPUT LINES 

CRL THRL DA 
EPE FHRL THRE 
PI FRi-FRs 
CSrCS2 TR,.TR3 

MSrMS2WLSiWLS2 
DAR 


23, 25 
27,29 
31,33 
35, 37 


FILL-CHARACTER 
HOLDING REGISTER 
DATA INPUTS 


FRi-FRs 


A low-level input voltage, Vil, applied to CD (pin 
22) enables the inputs of the Fill-Character 
Holding Register and associated Load Strobe, 
FHRL. Parallel 8-bit characters are input into 
the Fill-Character Holding Register with the 
FHRL Strobe (pin 20). If a character of less than 
8 bits has been selected (by WLSi and WLS2) 
only the least significant bits are accepted. 
These lines may be strobed or hard-wired to the 
appropriate input voltage. These inputs are not 
used during asynchronous operation. 

During Synchronous or Isochronous transmis- 
sion, the Fill-Character is transmitted if a char- 
acter was not loaded intothe Transmitter Hold- 
ing Register prior to a DA Flag; i.e., the Trans- 
mitter Holding Register did not contain a 
character at the center of the last bit being 
transmitted from the Transmitter Register. A 
high-level input voltage, V|h, will cause a high- 
level output voltage, Vqhi to be transmitted, 
Least Significant Bit (FRO to Most Significant 
Bit (FRn) order. 

A high-level input voltage, V(h, applied to CD 
disables FRi-FRg. 


24, 26 
28, 30 
32, 34 
36,38 


TRANSMITTER 
HOLDING REGISTER 
DATA INPUTS 


TRi-TRa 


A low-level input voltage, V|l, applied to CD (pin 
22) enables the inputs to the Transmitter Hold- 
ing Register and associated Load Strobe, 
THRL. If a character of less than 8 bits has been 
selected (by WLSi and WLS2), only the least 
significant bits are accepted. A high-level input 
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PIN 
NUMBER 



I/O NAME 



SYMBOL 



FUNCTION 



to 

I 



39-40 



WORD LENGTH 



WLS1-WLS2 



voltage, Vm, will cause a high-level output 
voltage to be transmitted, Least Significant Bit 
(TRi) to Most Significant Bit (TRn) order. A high- 
level input voltage, V|h, applied to CD disables 
TRrTRa. 

A low-level input voltage, Vn., applied to CD (pin 
22) enables the inputs of the Control Register 
and Load, CRL. Parallel 8-bit characters are 
input into the Control Register with the CRL 
Strobe (pin 4), WLSi and WLS2 select the trans- 
mitted character length from five (5) to eight (8) 
bits defined by the Truth Table below: 

WLS2 WLSi SELECTED WORD LENGTH 

5 BITS 

6 BITS 

7 BITS 

8 BITS 



V|L 
V,L 
V,H 
V,H 



V,L 
V,H 
V,L 
V|H 



A high-level Input voltage, V|h. applied to CD 
disables WLSi and WLS2, forcing them to float. 



ORGANIZATION 

PT1482 block diagram is illustrated on page 1. 

Control Register — Programming of the PSAT is 
accomplished by loading the 8 Bit Control Register. 
Mode selection, clock divisor, word length, and 
parity are selected when the Control Register 
Load signal is activated. 

Transmitter Register — The Transmitter Register 
is used to store the outgoing data stream. The 
contents of this register are derived from either 
the Transmitter Holding Register or the Fill 
(Match) Character Holding Register with the 
Control and Timing Logic automatically adding 
the required start and stop bits during Asynchron- 
ous and isoschronous Modes. 

Transmitter Holding Register — The Transmitter 
Holding Register, a buffer register, is used to 
store the parallel character to be serially trans- 
mitted. 

Fill Character Holding Register — The Fill Char- 
acter Holding Register is used to store the Fill 
(Match) Character which is transmitted during the 
absence of characters in the Transmitter Holding 
Register. 

Timing and Control — The Timing and Control 
Logic generates the required control signals to 
transmit Data and Fill Characters. Character trans- 
mission status signals are also derived from this 
logic. 

SYNCHRONOUS MODE OPERATION 

Synchronous transmission requires that characters 



(programmably variable from 5 to 8 data bits plus 
parity) are contiguous with no start or stop bits. 
Since the requirement that characters are conti- 
uous does not imply that the system servicing the 
transmitter always has ample time to load the 
Transmitter Holding Register, it is necessary that 
a character be transmitted when data has not 
been loaded into the Transmitter Holding Register. 
This character is defined as the Fill or Idle Charac- 
ter and a separate register has been provided to 
load this character upon initialization. The Fill- 
Character Holding Register is loaded by st robin g 
the Flil-Character Holding Register Load (FHRL) 
line or hard-wiring it to a low-level input voltage. 

Referring the Block Diagram of the Transmitter, it 
can be seen that the Chip Disable (CD) enables or 
disconnects various Inputs and outputs of the 
P/SAT. The inputs to the Control Register, Trans- 
mitter Holding Register, Fill-Character Holding 
Register andtheir respective load strobes, CRL, 
THRL, and FHRL are under CD control. In addi- 
tion, the Transmitter Holding Agister Empty 
(THRE) Flag, Data Not Available (DA) Flag, and the 
Data Not Available Reset (DAR) are also controlled 
by CD. It is necessary that CD enable these lines 
to allow strobing information into these registers 
and to allow examination of these output flags. 
The P/SAT will enter a defined "idle" state when 
the Master Reset (MR) is strobed to a high-level 
input voltage. In this state, all timing and control 
logic are reset, the Transmitter Register Output 
continues to mark, the Transmitter Holding 
Register Flag is set to a high-level output voltage, 
the Data Delimit/End of Character (DD/EOC) Flag 
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is set to a low-level output voltage, and the 
contents of the Fill-Character Holding Register 
are forced to a high-level output voltage. 

When the P/SAT Is enabled by CD, loading the 
Contro l Reg ister by strobing the Control Register 
Load (CRL) line to a^ low-level input voltage, 
defines the mode of operation, character length, 
selected parity if required, and the clock rate 
selection. Table 1 illustrates all the programmable 
synchronous character formats. 

To initialize transmission the CTS signal must be 
set to a high state and the transmitter holding 
register must be loaded with a character to be 
transmitted. The transmitter will remain in an idle 
state until this is accomplished. 

The character transferred into the Transmitter 
Register (from the Transmitter Holding Register or 
the Fill-Character Holding Register) is determined 
at the center of the last bit of the character being 
transmitted. If, at this time, no character has been 
loaded into the Transmitter Holding Register, the 
Fill-Character is loaded into the Transmitter 
Register at the end of the bit being transmitted 



Table 1. SYNC MODE CONTROL DEFINITION 



CONTROL WORD 



W W 

M M L L E 

S S S S P P 

2 12 1 IE 



1 0 0 



0 0 
0 1 



0 1 



0 0 
0 0 
0 1 
0 



1 

1 0 

1 1 

1 1 

1 1 1 



0 1 



Sets to SYNC Mode 



CHARACTER FORMAT 



DATA 
BITS 



ADDED 
PARITY 
BIT 



ODD 

EVEN 

NONE 

ODD 

EVEN 

NONE 

ODD 

EVEN 

NONE 

ODD 

EVEN 

NONE 



6 

N> 

I 



Tco innnjuuuifuinjuijijuuinnjw 

MR J""] 



CD 

tRvTRb 
tTirl 

CTS 

THRE 

TRO 

DD/EOC 



J L 



zx: 



X 



u 



u 



"1 



1 r 



|1|2|3I4|516|7|8|P|F|||L|L| |C|H | A |R | 1| 2 1 3 j 4 j 5|6 j 7 |8 | P| 1 j 2 j 3| 4 j 5|6 j 7 j 6 1 P j 



u 



u 



* CLOCK SHOWN IS BIT RATE CLOCK (1X) 



note: OUTPUTS^ 

PI = V|L 
MS, = V|L 
MSg = V|H 
WLS, = V,H 
WLS2 = V|H 



SYNCHRONOUS TIMING EXAMPLE 
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and a Data Not Available (DA) Flag Is set to a hlgh- 
level output voltage. This Fill-Character will be 
repeatedly transmitted until a character is loaded 
^ into the Transmitter Holding Register, at which 
^ time, the Data Not Available Flag is reset, the Fill- 
lO Character will be completed and the newly loaded 
synchronous character will follow contiguously. 

C/) 

^ A high-level output voltage, on the THRE Flag 
^ indicates that the Transmitter Holding Register is 
empty and may be loaded with a character. Data 
on the inputs of the Transmitter Holding Register 
is loa ded w hen the Transmitter Holding Register 
Load (THRL) line is strobed to a low-level input 
voltage, forcing the THRE Flag to a low-level 
output voltage. This data must be stable prior to 
THRL going to a high-level input voltage since this 
register is a set of DC latches which are enabled 
by THRL. 

If the Clear-To-Send (CTS) line is at a low-level 
input voltage, or if the Transmitter Register is in 
the process of transmitting a character, the 
character in the Transmitter Holding Register will 
not be transferred down to the Transmitter Regis- 
ter and the THRE Flag will remain at a low-level 
output voltage. Raising the CTS line to a high-level 
input voltage or completion of transmission of a 
character from the Transmitter Register causes 
the automatic transfer of the character in the 
Transmitter Holding Register to the Transmitter 
* Register which forces the THRE Flag to be set to 
high-level output voltage. The selected parity is 
added to the data during the transfer to the Trans- 
mitter Register and serial transmission is initiated 
as an NRZ waveform. A low-level input voltage 
applied to CTS during transmission allows 
completion of that character only, after which the 
device enters the idle state and the output will 
continue to mark until a high-level input voltage is 
applied. 

The Data Delimit/End of Character Flag has been 
provided to indicate the transmission of serial 
data on the Transmitter Register Output. The Data 
Delimit/End of Character Flag is defined as a low- 
level output voltage during transmission of the 
last bit of a synchronous character and when the 
P/SAT is in the "idle" state. 



ASYNCHRONOUS MODE OPERATION 

An asynchronous character consisting of a start 
bit, followed by data (programmably variable from 
5 to 8 data bits), parity (if so programmed), and a 
stop "element" is serially transmitted, in that 
order, as an NRZ waveform by the P/SAT. The stop 
interval is referred to as an "element" since its 
minimum length is under program control and 
may be 1 or 2 bits in length. When programmed for 
2 stop bits, a 5-level (bit) code will be transmitted 
with 1.5 stop bits. 



Referring to the Blocl^ Diagram of the Transmitter, 
it can be seen that the Chip Disable enables or 
disconnects various inputs and outputs of the 
P/SAT. The inputs to the Control Register, Trans- 
mitter Holding Register, Fill-Character Holding 
Regis ter a nd th eir respective load strobes, CRL, 
THRL and FHRL are under CD control. In addition, 
the Transmitter Holding Register Empty Flag 
(THRE), the Data Not Available Flag (DA), and the 
Data Not Available Reset (DAR) are also controlled 
by CD. It is necessary that CD enable these lines 
to allow strobing information into these registers 
and to allow examination of these output flags. It 
should be noted that the Fill-Character H olding 
Register and its associated load strobe, FHRL, 
the D ata N ot Available Flag and its associated 
reset, DAR, play no role in asynchronous com- 
munications and are only mentioned here for 
completeness. 

The P/SAT will enter a defined "idle" state when 
the Master Reset (MR) line is strobed to a high- 
level input voltage. In this state, all timing and 
control logic are reset, the Transmitter Register 
Output continues to marl<, the Transmitter 
Holding Register Empty Flag is set to a high-level 
output voltage, Vqh, and the Data Delimit/End of 
Character (DD/EOC) Flag is reset to a low-level 
output voltage. 

When the transmitter is enabled by CD, loading 
the Control Register by strobing the Control 
Register Load (CRL) line to a low-level input 
voltage, V|l, defines the mode of operation, 
character length, selected parity if required and 
the clock rate selection. Table 2 illustrates all the 
programmable asynchronous formats. 

Continuous transmission, transmission of charac- 
ters with the minimum number of stop bits pro- 
grammed. Is accomplished by loading the 
Transmitter Holding Register within a character 
time of when its "Empty Flag" becomes a high- 
level output voltage. A high-level output voltage, 
VoH> on the Transmitter Holding Register Empty 
(THRE) Flag indicates that the Transmitter Hold- 
ing Register is empty and may be loaded with a 
character. Data on the inputs of the Transmitter 
Holding Register is loa ded w hen the Transmitter 
Holding Register Load (THRL) line is strobed to a 
low-level input voltage, V|l, forcing the THRE Flag 
to a low-level out put vo ltage, Vql- This data must 
be stable prior to THRL going to a high-level input 
voltage since this reg ister i s a set of DC latches 
which are enabled by THRL. If the Clear-To-Send 
(CTS) line is at a low-level input voltage or if the 
Transmitter Register is in the process of transmit- 
ting a character, the character in the Transmitter 
Holding Register will not be transferred down to 
the Transmitter Register and the THRE Flag will 
remain at a low-level output voltage. Raising the 
CTS line to a high-level input voltage or comple- 
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tion of transmission of a character from tlie Trans- 
mitter Register causes the automatic transfer of 
the character in the Transmitter Holding Register 
to the Transmitter Register and the THRE flag will 
be set to a high-level output voltage. 

The start bit, selected parity and stop bit(s), deter- 
mined by the Control Register programming, are 
added to the data during the transfer to the Trans- 
mitter Register and serial transmission is initiated 
as an NRZ waveform. 

A low-level Input voltage, applied to CTS during 
transmission, allows completion of that character 
only, after which the output will continue to mark 

until a high-level input voltage is applied. 

The Data Delimit/End of Character Flag has been 
provided to indicate the transmission of serial 
data on the Transmitter Register Output. Data 
Delimit is a low-level output voltage during start 
and stop bits and is a high-level output voltage 
during transmission of data and parity. Neither 
TRO, CTS nor DD/EOC is under control of Chip 
Disable. 

ISOCHRONOUS MODE OPERATION 

In the Isochronous Mode of operation all (Syn- 
chronous Mode) definitions apply with the excep- 
tion of those for the Data Delimit/End of Character 
(DD/EOC) Flag and the Data Not Available Flag 
(DA). 

This is the case since Isochronous Data Trans- 
mission requires contiguous characters with the 



addition of a start and a single stop bit added to 

each character. 

Table 2. ASYNC MODE CONTROL DEFINITION 



CONTROL WORD 


CHARACTER FORMAT 


w w 














M M L 


L 




E 






ADDED 




S S S 


s 


p 


p 


START 


DATA 


PARITY 


STOP 


2 12 


1 


1 


E 


BIT 


BITS 


BIT 


ELEMENTS 


0 0 0 


0 


0 


0 


1 


5 


ODD 


1 


0 1 0 


0 


0 


0 


1 


5 


ODD 


1.5 


0 0 0 


0 


0 


1 


1 


5 


EVEN 


1 


0 1 0 


0 


0 


1 


1 


5 


EVEN 


1.5 


0 0 0 


0 


1 


X 


1 


5 


NONE 


1 


0 1 0 


0 


1 


X 


1 


5 


NONE 


1.5 


0 0 0 


1 


0 


0 


1 


6 


ODD 


1 


0 1 0 


1 


0 


0 




6 


ODD 


2 


0 0 0 


1 


0 


1 


1 


6 


EVEN 


1 


0 1 0 


1 


0 


1 


1 


6 


EVEN 


2 


0 0 0 


1 


1 


X 


1 


6 


NONE 


1 


0 1 0 


1 


1 


X 


1 


6 


NONE 


2 


0 0 1 


0 


0 


0 


1 


7 


ODD 


1 


0 1 1 


0 


0 


0 


1 


7 


ODD 


2 


0 0 1 


0 


0 


1 




7 


EVEN 


1 


0 1 1 


0 


0 


1 




7 


EVEN 


2 


0 0 1 


0 


1 


X 




7 


NONE 


1 


0 1 1 


0 


1 


X 




7 


NONE 


2 


0 0 1 


1 


0 


0 




8 


ODD 


1 


0 1 1 


1 


0 


0 




8 


ODD 


2 


0 0 1 


1 


0 


1 




8 


EVEN 


1 


0 1 1 


1 


0 


1 




8 


EVEN 


2 


0 0 1 


1 


1 


X 




8 


NONE 


1 


0 1 1 


1 


1 


X 




8 


NONE 


2 


♦ 
















Sets to ASYNC Mode 










CTS — — 
THRE 



TRO 
DD/EOC 



_r 



1 11 I2I3I4I5I6I7IP1 STOP 



oHHaBBaiaaBnHHBBBaH 



•CLOCK SHOWN IS BAUD RATE CLOCK (1X) 



FLOATING 

PI = V,L 
MS, = V,L 
MSj = V|L 
WLS, = V,L 
WLSz = V,H 



ASYNCHRONOUS TIMING EXAMPLE 
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The Data Delimit/End of Character Flag is a low- 
level output voltage during start and stop bits and 
is a high-level output voltage during transmission 
oJ_data and parity. The Data Not Available Flag 
(DA) is set to a high-level output voltage at the end 
of the stop bit if a character has not been loaded 
into the Transmitter Holding Register at the 
center of the stop bit. The contents of the Fill- 
Character Holding Register m\\ be transferred 
into the Transmitter Register and repeatedly 
transmitted until a character is loaded into the 
Transmitter Holding Register. At this time, the 
Fill-Character will be completed and the newly 
loaded isochronous character will follow contigu- 
ously. 

Table 3 Illustrates all the programmable isochron- 
ous character formats. 



Table 3. ISOC MODE CONTROL DEFINITION 



CONTROL WORD 


CHARACTER FORMAT 


W 


w 












M M L 


L 




E 






ADDED 


S S S 


S 


p 


p 




START DATA 


PARITY STOP 


2 1 2 


1 


1 


E 




BIT BITS 


BIT ELEMENTS 


1 1 U 


U 


U 


U 




1 5 


rs r> i 


1 1 U 


u 


U 


1 




1 5 


EVEN 1 


■fin 
1 1 U 


U 


1 


V 
A 




1 5 


NUNC 1 


110 


1 


0 


0 




1 6 


ODD 1 


1 1 n 

1 1 u 


1 


V 


•1 
I 




1 D 


CVCIN 1 


1 1 0 


1 


1 


X 




1 6 


NONE 1 


1 1 1 


0 


0 


0 




1 7 


ODD 1 


1 1 1 


0 


0 


1 




1 7 


EVEN 1 


1 1 1 


0 


1 


X 




1 7 


NONE 1 


1 1 1 


1 


0 


0 




1 8 


ODD 1 


1 1 1 


1 


0 


1 




1 8 


EVEN 1 


1 1 1 


1 


1 


X 




1 8 


NONE 1 
















Sets to ISOC Mode 
I— 







Tco- innjuuinjuinrmnjwijumjuinnnj^^ 

MR JT 




DC 



DC 



U 



CIS 
THRE 
TRO 

DA " 
5^ 



s 



T 



n Ilh|3|4|s|6|7|8ip| I IfMlI lI MHTAlR n 1 1 1 2| 3 1 4 1 5 j 6| 7 1 8 1 P j 
JE^^ I I 



IS 



DD/EOC 



•CLOCK SHOWN IS BIT RATE CLOCK (IX) NOTE: |SSS:SS^ FLOATIN^G 



PI = V,L 
MS, = V|H 
MS2 = V|H 
WLS, = V|H 
WLS2 = V,H 



ISOCHRONOUS TIMING EXAMPLE 



428 




429 




430 



6 

ro 

I 



TCO 



CD 



TRi-TRg 



THRL 



TRO 



X 



500ns 



500ns 



-AV 



500ns 

I 



j 250ns 



X 



1 250ns 



>500ns 



500ns 



500ns 



500ns 



TIMING DETAIL 
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ABSOLUTE MAXIMUM RATINGS 



5 



Vgg Supply Voltage + 0.3V to - 20V 

Vdd Supply Voltage +0.3V to -20V 

Clock Input Voltage* + 0.3V to -20V 

Logic Input Voltage* + 0.3V to -20V 

Logic Output Voltage* + 0.3V to -20V 

Storage Temperature Ceramic -i65°C to +150°C 

Plastic -55°C to +125°C 

Operating Free-Air Temperature Ta Range O'C to +50''C 

Lead Temperature (Soldering, 10 sec.) 300°C 



*Vgg = VoD = OV 

NOTE: These voltages are measured 
with respect to Vss (Substrate) 



ELECTRICAL CHARACTERISTICS 

(Vss = VCC = 5V ± 5%, Vdd = OV.Vqg = -12V ± 5%,Ta = O'Cto +50°C 
unless otherwise specified) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


CONDITIONS 


V|L 
V|H 


INPUT LOGIC LEVELS' 

Low-level Input Voltage 
High-level Input Voltage 


VSS-1.5V 


0.8V 


VsS = 4.75V 


Vol 

VOH 


OUTPUT LOGIC LEVELS^ 

Low-level Output Voltage 

High-level Output Voltage 


VSS-10V 


0.5V 


Vss = 5.25V 
lOL = - 1.6mA 
Vss = 4.75V 
lOH = -IOOmA 


l|L 


INPUT CURRENT — 

Low-level Input Current 
(each input) 




-1.6mA 


Vss = 5.25V 
V|N = 0.4V 


•lo 


Output Leal<age Current^ 




10m A 





* * Not more than one output should be shorted at a time. 
NOTES: 1) Inputs under Chip Disable control when disabled (V|h applied to CD), are logically disabled and 
appear as a single TIL load. 

2) Outputs under Chip Disable control when disabled (V|h applied to CD) are logically and electric- 
ally disconnected and caused to float. 

3) All switching characteristics are measured at 0.8V and 2.0V. 



SWITCHING CHARACTERISTICS 

(Vss = VcC = 5V ± 5%, Vdd = OV.Vqg = -12V ± 5%,Ta = 0°Cto -f50°C,CL = 20pf) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


CONDITIONS 


Fc 


Clocl< Frequency 


DC 


100 KHz 


1482B-00 






DC 


640 KHz 


1482B-01 




PULSE WIDTH 








Thold 


Hold Time 


20 nsec 






TcRL 


Control Register Load 


250 nsec 






Tthrl 


Transmitter Holding Register Load 


250 nsec 






TpHRL 


Fill-Character Holding RegisterLoad 


250 nsec 






Tdar 


Data Not Available Reset 


200 nsec 






Tmr 


Master Reset 


500 nsec 






TpD 


Output Enable Delay 




500 nsec 




TsKEW 


Skew Time 




250 nsec 




Tr 


Rise Time 




150 nsec 




Tf 


Fall Time 




150 nsec 





See page 725 for ordering information. 
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WESTERN DiGITAL 

CORPORATION 

UC1671 ASTRO 
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FEATURES 

SYNCHRONOUS AND ASYNCHRONOUS 

• Full Duplex Operations 

SYNCHRONOUS MODE 
Selectable 5-8 Bit Characters 
Two Successive SYN Characters Sets 
Synchronization 

Programmable SYN and DLE Character 
Stripping 

Programmable SYN and DLE-SYN Fill 

ASYNCHRONOUS MODE 
Selectable 5-8 Bit Characters 
Line Break Detection and Generation 
1-, 11/2-, or 2-Stop Bit Selection 
False Start Bit Detection Automatic Serial 
Echo Mode 

SYSTEM COMPATIBILITY 
Double Buffering of Data 
8-Bit Bi-Directional Bus For Data, Status, 
and Control Words 

Ail Inputs and Outputs TTL Compatible 
Up to 32 ASTROS Can Be Addressed On Bus 
On-Line Diagnostic Capability 

TRANSMISSION ERROR DETECTION-PARITY 

• Overrun and Framing 

BAUD RATE — DC TO 1M BIT/SEC 



8 SELECTABLE CLOCK RATES 

• Accepts 1X Clocl< and Up to 4 Different 32X 
Baud Rate Clocl< Inputs 

• Up to 47% Distortion Allowance with 
32X Clock 

APPLICATIONS 

SYNCHRONOUS COMMUNICATIONS 
ASYNCHRONOUS COMMUNICATIONS 
SERIAL/PARALLEL COMMUNICATIONS 



GENERAL DESCRIPTION 

The UC1671 (ASTRO) is a MOS/LSI device which 
performs the functions of interfacing a serial data 
communication channel to a parallel digital system. 
The device is capable of full duplex communications 
(receiving and transmitting) with synchronous or 
asynchronous systems. The ASTRO is designed to 
operate on a multiplexed bus with other bus-oriented 
devices. Its operation is programmed by a processor 
or controller via the bus and all parallel data transfers 
with these machines are accomplished over the bus 
lines. 

The ASTRO is fabricated in n-channel silicon gate 
MOS technology and is TTL compatible on all Inputs 
and outputs. 




• IXTC 



COMPARATOR 



PIN CONNECTIONS 



TTTTT 

ISli lg Igig 



DTH 

5S^ 
cli 

MR 

intr 

HPLY 
lACKO 

iackT 

wf 

rI 



UC1671 BLOCK DIAGRAM 
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PIN OUTS 

The device is packaged in a 40-pin plastic or ceramic 
cavity package. Tlie interface signals are defined 
below with all input/output signals complemented to 
facilitate bussing and interfacing with TTL The Data 
Set controls and Status signals are also com- 



plemented to allow for an Inversion when converting 
to EIA RS232C levels. The names and symbols 
assigned to the Data Set interface signals follows 
EIA standard nomenclature. 



A bar over a signal (SIGNAL), means active low (set 
= low). 



PIN 
NUMBER 



PIN NAME 



SYMBOL 



FUNCTION 



1 

21 
40 
20 
23 

8-15 

17,22,24, 
25,26 



39 



30-33 



37 



POWER SUPPLIES 

MASTER RESET 
DATA ACCESS LINES 
SELECT CODE 

CHIP SELECT 
READ ENABLE 
WRITE ENABLE 

INTERRUPT 

INTERRUPT 
ACKNOWLEDGE IN 



INTERRUPT 
ACKNOWLEDGE OUT 

REPLY 



CLOCK RATES 



TRANSMITTED DATA 



Vbb 
vcc 

Vdd 
vss 

MR 



DAL0-DAL7 



ID7-ID3 



CS 



RE 



WE 



INTR 



lACKI 



lACKO 



RPLY 



R1-R4 



TDATA 
(BA) 



-5V 
-J-5V 
-I- 12V 
Ground 

The Control and Status Registers and other 
controls are cleared when this input is low. 

Eight-bit bi-directional bus used for transfer of 
data, control, status, and address information. 

Five input pins which when hard-wired assign the 
device a unique identification code used to select 
the device when addressing and used as an identi- 
fication when responding to interrupts. 

The low logic transition of CS identifies a valid 
address on the DAL bus during Read and Write 
operations. 

This signal, when low, gates the contents of an 
addressed register from a selected ASTRO onto 
the DAL bus. 

This signal, when low, gates the contents of the 
DAL bus into the addressed register of a selected 
ASTRO. 

This open drain output is made low when one of 
the communication interrupt conditions occur. 

This input becomes low when polling takes place 
on the bus by the Controller to determine the 
interrupting source. When this signal is received, 
the ASTRO places its ID code on the DAL if it is 
requesting interrupt, otherwise it makes lACKO a 
low. 

This output is made a logic low in response to a 
low lACKI if the ASTRO receiving an lACKI Input 
is not the Interrupting device. 

This open drain output Is made low when the 
ASTRO is responding to being selected by an 
address on the DAL during read or write opera- 
tions or in affirming that it is the interrupting 
source during interrupt polling. 

These four inputs accept four different local 32X 
data rate Transmit and Receive clocks. The input 
on R4 may be divided down into a 32X clock from a 
32X, 64X, 128X, or 256X clock input. The clock 
used in the ASTRO is selected by the Control 
Register. 

This output is the transmitted serial data from the 
ASTRO. This output is held in a Marking condition 
when the transmitter section is not enabled. 
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PIN 
NUMBER 


PIN NAME 


SYMBOL 


FUNCTION 


27 


RECEIVED DATA 


RDATA 
(BB) 


This input receives serial data into the ASTRO. 


38 


REQUEST TO SEND 


RTS 
(CA) 


This output is enabled by the Control Register and 
remains in a low state during transmitted data 
from the ASTRO. 


36 


CLEAR TO SEND 


CTS 
(CB) 


This Input, when low, enables the transmitter 
section of the ASTRO. 


28 


DATA SET READY 


DSR 


This input generates an interrupt when going On 
or Off while the Data Terminal Ready signal is On. 
It appears as a bit in the Status Register. 


16 


DATA TERMINAL READY 


DTR 
(CT5) 


This output is generated by a bit in the Control 
Register and indicates Controller reiadiness. 


18 


RING INDICATOR 


RING 
(CE) 


This input from the Data Set generates an inter- 
rupt when made low with Data Terminal Ready in 
the "Off" condition. 


29 


CARRIER DETECTOR 


CARR 
(OF) 


This Input from the Data Set generates an Inter- 
rupt when going On or Off if Data Terminal Ready 
is On. It appears as a bit in the Status Register. 


35 


TRANSMITTER TIMING 


iXTC 
(DB) 


This input is the Transmitter IX Data Rate Clock. 
Its use is selected by the Control Register. The 
transmitted data changes on the negative transi- 
tion of this signal. 


34 


RECEIVER TIMING 


IXRC 
(DD) 


This input is the Receiver 1X Data Rate Ciocl<. Its 
use is selected by the Control Register. The 
Received Data is sampled by the ASTRO on the 
positive transition of this signal. 


19 


MISCELLANEOUS 


MISC 


This output is controlled by a bit In the Control 
Register and is used as an extra programmable 
signal. 



RECEIVER REGISTER — This 8-bit shift register 
inputs the received data at a ciocl< rate determined by 
the Control Register. The incoming data is assem- 
bled to the selected character length and then 
transferred to the Receiver Holding Register with 
logic zeroes filling out any unused high-order bit 
positions. 

RECEIVER HOLDING REGISTER - This 8-blt 
parallel buffer register presents assembled receiver 
characters to the DAL bus lines when requested 
through a Read operation. 

COMPARATOR — The 8-bit comparator Is used In 
the Synchronous mode to compare the assembled 
contents of the Receiver Register and the SYN 
register or OLE register. A match between the 
registers sets up stripping of the received character, 
when programmed, by preventing the data from 
being loaded into the Receiver Holding Register. A bit 
in the Status Register is set when stripping is per- 
formed. The comparator output also enables 
character synchronization of the Receiver on two 
successive matches with the SYN register. 



SYN REGISTER — This 8-bit register is loaded from 
the DAL lines by a Write operation and holds the 
synchronization code used to establish receiver 
character synchronization. It serves as a fill character 
when no new data is available in the Transmitter 
Holding Register during transmission. This register 
cannot be read onto the DAL lines. It must be loaded 
with logic zeroes in all unused high-order bits. 

DLE REGISTER — This 8-bit register is loaded from 
the DAL lines by a Write operation and holds the 
"DLE" character used in the Transparent mode of 
operation in which an idle transmit period is filled 
with the combination DLE-SYN pair of characters 
rather than a single SYN character. In addition the 
ASTRO may be programmed to force a single DLE 
character prior to any data character transmission 
while in the transmitter transparent mode. 

TRANSMITTER HOLDING REGISTER — This 8-bit 
parallel buffer register holds parallel transmitted data 
transferred from the DAL lines by a Write operation. 
This data is transferred to the Transmitter Register 
when the transmitter section is enabled and the 
Transmitter Register Is ready to send new data 
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TRANSMITTER REGISTER — This 8-bit shift register 
is loaded from the Transmitter Holding Register, SYN 
5 register, or DLE register. The purpose of this register 
Ifc is to serialize data and present it to the transmitted 
^ Data output. 

-fc CONTROL REGISTERS — There are two 8-bit 
Control Registers which hold device programming 
signals such as mode selection, clock selection, 
interface signal control, and data format. Each of the 
Control Registers can be loaded from the DAL lines 
by a Write operation or read onto the DAL lines by a 
Read operation. The registers are cleared by a Master 
Reset. 

STATUS REGISTER ~ This 8-blt register holds in- 
formation on communication en'ors, interface data 
register status, match character conditions, and 
communication equipment status. This register may 
be read onto the DAL lines by a Read operation. 

DATA ACCESS LINES — The DAL is an 8-bit bi- 
directional bus port over which all address, data, 
control, and status transfers occur. In addition to 
transferring data and control words the DAL lines 
also transfer information related to addressing of the 
device, reading and writing requests, and interrupting 
information. 

ASTRO OPERATION 

ASYNCHRONOUS MODE 

Framing of asynchronous characters is provided by a 
Start bit (logic low) at the beginning of a character 
and a Stop bit (logic high) at the end of a character. 
Reception of a character is initiated on recognition of 
the first Start bit by a positive transition of the 
receiver clock, after a preceding Stop bit. The Start 
and Stop bits are stripped off while assembling the 
serial input into a parallel character. 

The character assembly is completed by the recep- 
tion of the Stop bit after reception of the last charac- 
ter or parity bit. If this bit is a logic high, the character 
is determined to have correct framing and the ASTRO 
is prepared to receive the next character. If the Stop 
bit is a logic low the Framing Error Status flag is set 
and the Receiver assumes this bit to be the Start bit 
of the next character. Character assembly continues 
from this point if the input is still a logic low when 
sampled at the theoretical center of the assumed 
Start bit. As long as the Receive input is spacing, all 
zero characters are assembled and error flags and 
data received interrupts are generated so that line 
breaks can be determined. After a character of all 
zeroes is assembled along with a zero in the Stop bit 
location, the first received logic high is determined 
as a Stop bit and this resets the Receiver circuit to a 
Ready state for assembly of the next character. 



In the Asynchronous mode the character transmis- 
sion occurs when information contained in the 
Transmitter Holding Register is transferred to the 
Transmitter Register. Transmission is initiated by the 
Insertion of a Start bit, followed by the serial output 
of the character least significant bit first with parity, if 
enabled, following the most significant bit; then the 
insertion of a 1-, 1.5-, or 2-bit length Stop condition. If 
the Transmitter Holding Register is full, the next 
character transmission starts after the transmission 
of the Stop bit of the present character in the 
Transmitter Register. Otherwise, the Mark (logic high) 
condition is continually transmitted until the Trans- 
mitter Holding Register is loaded. 

In order to allow re-transmission of data received at a 
slightly faster character rate, means are provided for 
shortening the Stop bit length to allow transmission 
of characters to occur at the same rate as the 
reception of characters. The Stop bit is shortened by 
1/16 of a bit period for 1-Stop bit selection and 3/16 
of a bit period for 1.5-, or 2-Stop bit selection, if the 
next character is ready in the Transmitter Holding 
Register. 

SYNCHRONOUS MODE 

Framing of characters is carried out by a special 
Synchronization Character Code (SYN) transmitted at 
the beginning of a block of characters. The Receiver, 
when enabled, searches for two continuous charac- 
ters matching the bit pattern contained in the SYN 
register. During the time the Receiver is searching, 
data is not transferred to the Receiver Holding 
Register, status bits are not updated, and the Re- 
ceiver interrupt is not activated. After the detection of 
the first SYN character, the Receiver assembles 
subsequent bits into characters whose length is 
determined by contents of the Control Register. If, 
after the first SYN character detection, a second SYN 
character Is present, the Receiver enters the Syn- 
chronization mode until the Receiver Enable Bit is 
tumed off. If a second successive SYN character is 
not found, the Receiver reverts back to the Search 
mode. 

In the Synchronous mode a continuous stream of 
characters are transmitted once the Transmitter is 
enabled. If the Transmitter Holding Register is not 
loaded at the time the Transmitter Register has 
completed transmission of a character, this idle time 
will be filled by a transmission of the character 
contained In the SYN register in the Nontransparent 
mode, or the characters contained in the DLE and 
SYN registers respectively while in tlie Transparent 
mode of operation. 

DETAILED OPERATION 

Receiver — The Receiver Data input Is clocked into 
the Receiver Register by a IX Receiver Clock from a 
modem Data Set, or by a local 32X bit rate clock 
selected from one of four externally supplied clock 
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inputs. When using the IX clock, the Receiver Data is 
sanripled on the positive transition of the ciocl< in 
both the Asynchronous and Synchronous modes. 
When using a 32X clocl< in the Asynchronous mode, 
the Receive Sampling Clock is phased to the Mark- 
To-Space transition of the Received Data Start bit and 
defines, through clock counts, the center of each 
received Data bit within +0%, -3% at the positive 
transition 16 clock periods later. 

In the Synchronous mode the Sampling Clock is 
phased to all l\^ark-To-Space transitions of the 
Received Data inputs when using a 32X clock. Each 
transition of the data causes an incremental correc- 
tion of the Sampling Clock by 1/32nd of a bit period. 
The Sampling Clock can be immediately phased to 
every Mark-To-Space Data transition by setting Bit 4 
of Control Register 1 to a logic high, while the 
Receiver is disabled. 

When the complete character has been shifted into 
the Receiver Register it Is then transferred to the 
Receiver Holding Register, the unused, higher num- 
ber bits are filled with zeroes. At this time the Re- 
ceiver Status bits (Framing Error/Sync Detect, Parity 
Error/DLE Detect, Overrun Error, and Data Received) 
are updated in the Status Register and the Data 
Received interrupt is activated. Parity Error is set, if 
encountered while the Receiver parity check is 
enabled in the Control Register Overrun Error is set if 
the Data Received status bit is not cleared through a 
Read operation by an external device when a new 
character is ready to be transferred to the Receiver 
Holding Register This error flag indicates that a 
character has been lost, as new data is lost and the 
old data and its status flags are saved. 

The characters assembled in the Receiver Register 
that match the contents of the SYN or DLE register 
are not loaded into the Receiver Holding Register, 
and the DR interrupt is not generated, if Bit 3 of 
Control Register 2 (CR23 = SYN Strip) or Bit 4 of 
Control Register 1 (CR14 = DLE Strip) are set 
respectively, the SYN-DET and DLE-DET status bits 
are set with the next non SYN or DLE character 
When both CR23 and CR14 are set (Transparent 
mode), the DLE-SYN combination is stripped. The 
SYN comparison occurs only with the character 
received after the DLE character If two successive 
DLE characters are received only the first DLE 
character is stripped. No parity check is made while 
in this mode. 

Transmitter — Information is transferred to the 
Transmitter Holding Register by a Write operation. 
Information can be loaded into this register at any 
time, even when the Transmitter is not enabled. 
Transmission of data Is initiated only when the 
Request To Send bit is set to a logic o ne in the 
Control Register and the Clear To Send input is a 
logic low. Information is normally transferred from 
the Transmitter Holding Register to the Transmitter 



Register when the latter has completed transmission 
of a character. However, information in the DLE 
register may be transferred prior to the information ^ 
contained in the Transmitter Holding Register if the 
Force DLE signal condition is enabled (Bit 5 = Force o> 
DLE and 6 = TX Transparent Control Register 1 set to 2* 
a logic one). The control bit CR15 must be set prior to 
loading of a new character in the transmitter holding 
register to insure forcing the DLE character prior to 
transmission of the data character The Transmitter 
Register output passes through a flip-flop which 
delays the output by one clock period. When using 
the IX clock generated by the Modem Data Set, the 
output data changes state on the negative clock 
transition and the delay is one bit period. When using 
a local 32X clock the transmitter section selects one 
of the four selected rate inputs and divides the clock 
down to the baud rate. This clock is phased to the 
Transmitter Holding Register empty flag such that 
transmission of characters occurs within two data bit 
times of the loading of the Transmitter Holding Reg- 
ister when the Transmitter Register is empty. 

When the Transmitter is enabled, a Transmitter in- 
terrupt is generated each time the Transmitter Hold- 
ing Register is empty. If the Transmitter Holding 
Register is empty when the Transmitter Register is 
ready for a new character the Transmitter enters an 
idle state. During this idle time a logic high will be 
presented to the Transmitted Data output in the 
Asynchronous mode or the contents of the SYN 
register will be presented in the Synchronous Non- 
transparent mode (CR16 = 0). In the Synchronous 
Transmit Transparent mode (enabled by Bit 6 of 
Control Register 1 = Logic 1), the idle state will be 
filled by a DLE-SYN character transmission in that 
order. When entering the Transparent mode the DLE- 
SYN fill will not occur until the first forced DLE. 

If the Transmitter section is disabled by a reset of the 
Request to Send, any partially transmitted character 
is completed before the transmitter section of the 
ASTRO is disabled. As soon as the CTS goes high 
the transmitted data output will go high. 

When the Transmit parity is enabled, the selected 
Odd or Even parity bit is inserted into the last bit of 
the character in place of the last bit of the 
Transmitted Register. This limits transfer of character 
information to a maximum of seven bits plus parity or 
eight bits without parity. Parity cannot be enabled in 
the Synchronous Transparency mode. 

DEVICE PROGRAMMING 

The two 8-bit Control Registers of the ASTRO deter- 
mine the operative conditions of the ASTRO chip. 
Control Register 1 is shown in the following table. 
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BIT 7 7 


6 


5 


4 


3 


2 


1 


0 


SYNC/ASYNC 


ASYNC 


ASYNC (TRANS. 


ASYNC 


ASYNC 




SYNC/ASYNC 


SYNC/ASYNC 






ENABLED) 












0 — LOOP MODE 


0— NON BREAK 




0 — NON ECHO 


0 — NO PARITY 


U — n tuti V tn 


g p jg piESET 


0 QTR RESET 


1 — NORMAL 


MODE 


0 — 1 1/2 or 2 STOP BIT 


MODE 


ENABLED 


DISABLED 






MODE 


1 — BREAK MODE 


SELECTION 
1 — SINGLE STOP BIT 


1 — AUTO ECHO 
MODE 


ENABLED ON 


1 ~nciucivcn 


1 RTS SET 


■| DTR SET 




SYNC 






RECEIVER PARITY 










ASYNC (TRANS. 


SYNC (CR12 = 1) 


GENERATION 










0— NON TRANS- 


DISABLED 


ENABLED ON 










MITTER TRANS- 




0 — DLE 


TRANSMITTER 










PARENT MODE 


0 — MISC OUT RESET 


STRIPPING 












1— TRANSMIT 


l-MI^COTTSET 


NOT 


SYNC 










TRANSPARENT 




ENABLED 












MODE 


SYNC(CR16 = 0) 


1— OLE 


0— RECEIVER PARITY 












STRIPPING 


UHbLfl\ lb UIoAdLcU 












0 — NO PARITY 


ENABLED 


1 — RECEIVER PARITY 












GENERATED 




CHECK IS ENABLED 












■| TRANSMIT PARITY 


SYNC(CR12 = 0) 
0-mTsS RESET 














ENABLED 














SYNC{CR16 = 1) 
















1— MisC'SET 














0— NO FORCE DLE 
















1- FORCE DLE 













CONTROL REGISTER 1 



Control Register 1 

Bit 7 — A logic 0 configures the ASTRO into an In- 
ternal Data and Control Loop mode and disables the 
Ring interrupt. In this diagnostic mode the following 
loops are connected internally: 

a. The Transmit Data is connected to the Receive 
Data with the ID pin held in a Mark condition and 
the input to the RD pin disregarded. 

b. With a 1X clock selected, the Transmitter Clock 
also becomes the Receive Clock. 

c. The Data Terminal Re ady (DTR) is co nnec ted to the 
Data Set Ready (DSR) input, with the DTR outp ut in 
held In an Off condition (logic high), and the DSR 
input pin is disregarded. 

d. The Request to Send C ontrol bit is connected to 
the Clear To Send (CT5) and Carrier Detector in- 
puts, with the RTS output pin_held in an Off 
condition (logic high), and the CTS and Carrier 
Detector input pins are disregarded. 

3. The Miscellaneous pin is held in an Off (logic high) 
condition. 

A logic 1 on Bit 7 enables the Ring interrupt and 
returns the ASTRO to the normal full duplex con- 
figuration. 

Bit 6 — In the Asynchronous mode a logic 1 holds 
the Transmitted Data output in a Spacing (Logic 0) 
condition, starting at the end of any current trans- 
mitted character, when the Transmitter is enabled. 
Normal Transmitter timing continues so that this 
Break condition can be timed out after the loading of 
new characters into the Transmitter Holding Register. 

In the Synchronous mode a logic 1 sets the Trans- 
mitter in a transparent transmission which implies 
that idle transmitter time will be filled by DLE-SYN 
character transmission and a DLE can be forced 
ahead of any character in the Transmitter Holding 



Register when CR15 is a logic one in the sync mode. 

Bit 5 — In the Asynchronous mode a logic 1, with the 
Transmitter enabled, causes a single Stop bit to be 
transmitted. A logic 0 causes 2-Stop bit transmission 
for character lengths of 6, 7, or 8 bits and one-and-a- 
half Stop bits for a character length of 5 bits. 

With the Transmitter disabled this bit controls the 
Miscellaneous output on Pin 19, which may be used 
for Make Busy on 103 Data Sets, Secondary Transmit 
on 202 Data Sets, or dialing on CBS Data Couplers. 

In the Synchronous mode a logic 1 combined with a 
logic 0 on Bit 6 of control Register 1 enables Transmit 
parity; if CR15 = 0 or CR15 = 1 no parity is generated. 
When set to a logic 1 with Bit 6 also a logic 1, the 
contents of the DLE register are transmitted prior to 
the next character loaded in the Transmitter Holding 
Register as part of the Transmit Transparent mode. 

Bit 4 — In the Asynchronous mode a logic 1 enables 
the Automatic Echo mode when the receiver section 
is enabled, in this mode the clocked regenerated 
data is presented to the Transmit Data output in place 
of normal transmission through the Transmitter 
Register. This serial method of echoing does not 
present any abnormal restrictions on the transmit 
speed of the terminal. Only the first character of a 
Break condition of all zeroes (null character) is 
echoed when a Line Break condition is detected. For 
all subsequent null characters, with logic zero Stop 
bits, a steady Marking condition is transmitted until 
normal character reception resumes. Echoing does 
not start until a character has been received and the 
Transmitter is idle. The Transmitter does not have to 
be enabled during the Echo mode. 

In the Synchronous mode a logic 1, with the Receiver 
enabled, does not allow assembled Receiver data 
matching the DLE register contents to be transferred 
to the Receiver Holding Register; also, parity check- 
ing is disabled. 
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When the Receiver is not enabled this bit controls 
the Miscellaneous output on Pin 19, which may be 
used for New Sync on a 201 Data Set. When 
operating with a 32X clock and a disabled Receiver a 
logic 1 on this bit also causes the Receiver timing to 
synchronize on Mark-To-Space transitions. 

Bit 3 — In the Asynchronous mode a logic 1 enables 
check of parity on received characters and genera- 
tion of parity for transmitted characters. 

In the Synchronous mode a logic 1 bit enables check 
of parity on received characters only Note: Transmit- 
ter parity enable is controlled by CR15. 

Bit 2 — A logic 1 enables the ASTRO to receive data 
into the Receiver Holding Register, update Receiver 
Status Bits 1, 2, 3, and 4, and to generate Data 
Received interrupts. A logic 0 disables the Receiver 
and clears the Receiver Status bits. 



Bit 1 — Controls the Request To Send output o n Pin 
38 to control the CA circuit of the Data Set. The RTS 
output is inverted from the st ate of CR11. A l ogic 1 
combined with a low logic Clear To Send input 
enables the Transmitter and allows THRE interrupts 
to be generated. A logic 0 disables the Tran smitter 
and turns off the external Request To Send signal. 
Any character in the Transmitter Register will be 
completely transmitted before the Transmitter is 
turned off. The Request To Send output may be used 
for other functions such as "IVIake Busy" on 103 Data 
Sets. 



Bit 0 — Controls the Data Terminal Ready output on 
Pin 16 to control the CD circuit of the Data Set. A 
logic 1 enables the Carrier and Data Set Ready in- 
terrupts. A logic 0 enables only the telephone line 
Ring interrupt. The DTR output is inverted from the 
state of CRIO. 

Control Register 2 

Control Register 2, unlike Control Register 1, cannot 
be changed at any time. This register should be 
changed only while both the receiver and transmitter 
sections of the ASTRO are in the idle state- 
Bits 7-6 — These bits select the character length as 
follows: 



Bits 7-6 

00 
01 
10 

11 



Character Length 

8 bits 
7 bits 
6 bits 
5 bits 



When parity is enabled it must be considered as a bit 
when making character length selection, i.e. 5 
character bits plus parity = 6 bits. 

Bit 5 — A logic 1 selects the Synchronous Character 
mode. A logic 0 selects the Asynchronous Character 
mode. 

Bit 4 — A logic 1 selects odd parity and a logic 0 
selects even parity, when parity is enabled by CR13 
and/or CR1 5. 

Bit 3 — In the Asynchronous mode a logic 0 selects 
the rate 1(-32X) clock input (pin 30) as the Receiver 
Clock rate and a logic 1 selects the same clock rate 
for the Receiver as selected by Bits 2-0 for the 
Transmitter. This bit must be a logic 1 for the IX clock 
selection by Bits 2-0. 

In the Synchronous mode a logic 1 causes all DLE- 
SYN combination characters in the Transparent 
mode when DLE strip CR14 is a logic 1, or all SYN 
characters in the Non-transparent mode to be 
stripped and no Data Received interrupt to be 
generated. The SYN Detect status bit is set with 
reception of the next assembled character as it is 
transferred to the Receiver Holding Register. 

Bits 2-0 — These bits select the Transmit and 
Receive clocks. The Input Clock to the Rate 4 pin 
may be divided down to form the 32X clock from a 
multiple clock as shown: 



Bits 2-0 

000 



Clock 



IX clock for Transmit and Receive 
(Pins 35 and 34 respectively) 
001 32X clock — Rate 1 input (Pin 30) 

010 32X clock— Rate 2 input (Pin 31) 

011 32X clock— Rate 3 input (Pin 32) 
100. 32X clock — Rate 4 input 1 (Pin 33) 
101 32X clock — Rate 4 input 2 (Pin 33) 

110 32X clock — Rate 4 input -r 4 (Pin 33) 

111 32X clock — Rate 4 input 8 (Pin 33) 



o 



BIT 7 6 


5 


4 


3 


2 1 0 


SYNC/ASYNC 


MODE SELECT 


SYNC/ASYNC 


ASYNC 


SYNC/ASYNC 


CHARACTER LENGTH SELECT 


0— ASYNCHRONOUS 


1— ODD PARITY 


1— RECEIVER CLOCK 


CLOCK SELECT 




MODE 


SELECT 


DETERMINED BY 




00 = 8 BITS 


1-SYNCHRONOUS 


0— EVEN PARITY 


BITS 2-0 


000 -IX CLOCK 


01 = 7 BITS 


MODE 


SELECT 


0- RECEIVER CLK 


001 - RATE 1 CLOCK 


10 = 6 BITS 






= RATE 1 


010 -RATE 2 CLOCK 


11 = 5 BITS 






SYNC(CR14 = 0) 

0- NO SYN STRIP 

1— SYN STRIP 

SYNC(CR14 = 1) 

0— NO DLE-SYN STRIP 

1— DLE-SYN STRIP 


Oil -RATE 3 CLOCK 
100- RATE 4 CLOCK 
101 - RATE 4 CLOCK + 2 
110 -RATE 4 CLOCK -i- 4 
1 1 1 - RATE 4 CLOCK ^ 8 



CONTROL REGISTER 2 
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status Register 

C The data contained in the Status Register define 
O Receiver and Transmitter data conditions and status 
of the Data Set. The Status word is shown and 
^ defined below. 

^ Bit 7 — This bit is set to a logic 1 whenever there Is a 
change In state of the Data Set Ready or Carrier 
Detector inputs while Data Terminal Ready (Bit 0 o f 
Control Register 1) is a logic 1 or the Ring Indicator Is 
turned on, with DTR a logic 0. This bit Is cleared when 
the Status Register is read onto the Data Access 
Lines. 

Bit 6 — This bit is the logic complement of the Data 
Set Ready input on Pin 28. With 202-type Data Sets It 
can be used for Secondary Receive. 

Bit 5 — This bit is the logic complement of the 
Carrier Detector input on Pin 29. 

Bit 4 — In the Asynchronous mode a logic 1 In- 
dicates that received data contained a log 0 bit after 
the last data bit of the character in the stop bit slot, 
while the Receiver was enabled. This indicates a 
Framing error. This bit is set to a logic 0 if the proper 
logic 1 condition for the Stop bit was detected. 

In the Synchronous mode a logic 1 Indicates that the 
contents of the Receiver Register matched the con- 
tents of the SYN Register. The condition of this bit 
remains for a full character assembly time. If SYN 
strip (CR23) is enabled this status bit is updated with 
the character received after the SYN character. In 
both modes the bit Is cleared when the Receiver Is 
disabled. 

Bit 3 — When the OLE Strip is enabled (Bit 4 of 
Control Register 1) the Receiver parity check Is 
disabled and this bit is set to a logic 1 if the previous 
character to the presently assembled character 
matched the contents of the DLE register, otherwise 
it is cleared. The DLE DET remains for one character 
time and is reset on the next character transfer or on 
a Status Register Read, if DLE Strip Is not enabled, 
this bit Is set to a logic 1 when the Receiver is 
enabled, Receiver parity (Bit 3 of Control Register 1) 
Is also enabled, and the last received character has a 
Parity error. A logic 0 on this bit Indicates con-ect 
parity This bit Is cleared In either of the above modes 
when the Receiver is disabled. 

Bit 2 — A logic 1 indicates an Overrun error which 
occurs if the previous character in the Receiver 
Holding Register has not been read and Data 



Received is not reset, at the time a new character is 
to be transferred to the Receiver Holding Register. 
This bit is cleared when no Overrun condition is 
detected, i.e., the next character transfer time or 
when the Receiver is disabled. 

Bit 1 — A logic 1 indicates that the Receiver Holding 
Register is loaded from the Receiver Register, if the 
Receiver is enabled. It is cleared to a logic 0 when the 
Receiver Holding Register is read onto the Data 
Access Lines, or the Receiver is disabled. 

Bit 0 — A logic 1 Indicates that the Transmitter 
Holding Register does not contain a character while 
the Transmitter Is enabled. It Is set to a logic 1 when 
the contents of the Transmitter Holding Register is 
transferred to the Transmitter Register. It is cleared to 
a 0 bit when the Transmitter Holding Register is 
loaded from the DAL, or when the Transmitter is 
disabled. 



INPUT/OUTPUT OPERATIONS 

All Data, Control, and Status words are transferred 
over the Data Access Lines (DAL 0-7). Additional 
input lines provide controls for addressing a par- 
ticular unit, and regulating all input and output 
operations. Other lines provide interrupt capability to 
indicate to a Controller than an input operation is 
requested by the ASTRO. All input/output terminol- 
ogy below Is referenced to the Controller so that a 
Read or Input takes data from the ASTRO and places 
it on the DAL lines, while a Write or Output places 
data from the DAL lines Into the ASTRO. 

Read 

A Read Operation is initiated by the placement of an 
eight-bit address on the DAL by the Controller. When 
the Chip Select signal goes to a logic low state, the 
ASTRO compares Bits 7-3 of the DAL with its hard- 
wired ID code (Pins 17, 22, 24, 25, and 26) and 
becomes sele cted on a Match condition. The ASTRO 
then sets its REPLY line low to acknowledge its 
readiness to transfer data. Bits 2-0 of the address are 
used to select ASTRO registers to read from as 
follows: 

Bits 2-0 Selected Register 

000 Control Register 1 

010 Control Register 2 

100 Status Register 

110 Receiver Holding Register 



BIT 7 


6 


5 


4 


3 


2 


1 


0 


• DATA 


• DATA 


• CARRIER 


• FRAMING 


• DLE 


• OVERRUN 


• DATA 


• TRANSMITTER 


SET 


SET 


DETECTOR 


ERROR 


DETECT 


ERROR 


RECEIVED 


HOLDING 


CHANGE 


READY 




• SYN 


• PARITY 






REGISTER 








DETECT 


ERROR 






EMPTY 



STATUS REGISTER 
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When the Read Enable (RE) line is set to a logic low 
condition by the Controller the ASTRO gates the 
contents of the addressed register onto the DAL. The 
Read operation terminates, and the devices becomes 
unselected, when both the Chip Select and Read 
Enable return to a logic high condition. Reading of 
the Receiver Holding Register clears the DR Status 
bit. Bit 0 DALO must be a logic high in read or write 
operations. 

Write 

A Write operation is initiated by the placement of an 
eight-bit address or the DAL by the Controller. The 
ASTRO c ompares Bits 7-3 of the DAL with its ID code 
when the Chip Select input goes to a logic low state. 
If a Match c onditio n exists, the device is selected 
and makes it RPLY line low to acknowledge its readi- 
ness to transfer data. Bits 2-0 of the address are used 
to select ASTRO registers to be written Into as 
follows: 



Bits 2-0 Selected Register 

000 Control Register 1 

010 Control Register 2 

100 SYN and DLE Register 

1 10 Transmitter Holding Register 

When the Write Enable (WE) line is set to a logic low 
condition by the copntroller the ASTRO gates the 
data from the DAL into the addressed register. If data 
is written into the Transmitter Holding Register, the 
THRE Status bit is cleared to a logic zero. 

The 100 address loads both the SYN and DLE regis- 
ters. After writing into the SYN register the device is 
conditioned to write into the DLE if followed by 
another Write pulse with the 100 address. Any in- 
tervening Read or Write operation with other ad- 
dresses resets this condition such that the next 100 
will address the SYN register. 

Interrupts 

The following conditions generate interrupts: 

1. Data Received (DR) — indicates transfer of a new 
character to the Receiver Holding Register while 
the Receiver is enabled. 

2. Transmitter Holding Register Empty (THRE) — 

Indicates that the THR register is empty while the 
Transmitter is enabled. The first interrupt occurs 
when the Transmitter becomes enabled if there is 
an empty THR, or after the character is transferred 
to the Transmitter Register making the THR empty. 



3. Carrier On — Indicates Carrier Detector input 
goes low when DTR is on. 

4. Carrier Off — Indicates Carrier Detector input 
goes high when DTR is on. 

5. DSR On — Indicates the Data Set Ready input 
goes low when DTR is on. 

6. DSR Off — Indicates the Data Set Ready input 
goes high when DTR Is on. 

7. Ring On — Indicates the Ring Indicator Input goes 
low when DTR Is off. 



C 

o 

-A 



Each time an Interrupt condition exists the iNTR 
output from the ASTRO Is made a logic low. The 
following Interrupt procedure is then carried out even 
if the interrupt condition is removed. 

The Controll er acknowledges the Interru pt request by 
setting the Chip Select (CS) and the Interrupt Ac- 
knowledge input (TTSiCKl) to the ASTRO to a Low 
state. On this trans ition all n on-interrupting devices 
receiving the lA CKI set their Interrupt Acknowledge 
Output (lACKO) low, enabling lower priority daisy- 
chained devices to respond to the Interrupt request. 
The highes t prior ity device that is interrupting will 
then set its RPLY low. This device places its ID code 
on Bit Positions 7-3 of the DAL when a low RE signal 
Is received. In addition Bit 2 Is set to a logic one if any 
of the Interrupt numbers 1 and 3-7 above occurred, 
and remains a logic zero if the THRE has caused the 
interrupt (see note). 

To reset the Int errupt condition (INTR) Chip Select 
(CS) and (lACKI) must be received by the ASTRO. A 
setup time must exist between CS and the "RE or WE 
signals to allow chip selection prior to read/write 
operations and deselection control through the latter 
signals., The data is removed from the DAL when the 
Rt signal returns to the logic high state. 



IVIAXIIVIUiyA RATINGS 



Vdd With Respect to Vss 
(Ground) 

Max Voltage To Any Input With 
Respect to Vss 

Operating Temperature 

Storage Temperature Plastic 
Ceramic 

Power Dissipation 



-»-20to -0.3V 

-t-20to -0.3V 

O'Cto 70* C 

55'Cto -t-125''C 
•eS'Cto -I-150°C 

1000 mW 
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OPERATING CHARACTERISTICS 

TA = OXtoZO'CVDD = + 12.0V ±5%,VbB = -5.0V ±5%,Vss = OV.VcC = +5V ±5% 



SYMBOL 


CHARACTERISTIC 


MIN 


TYP 


MAX 


UNITS 


CONDITIONS 


ILI 


Input Leakage 






10 


mA 


V|N = Vdd 


ILO 


Output Leakage 






10 


mA 


vouT = Vdd 


>BB 


Vbb Supply Current 






1 


mA 


Vbb = -5v 


iqcave 


VCC Supply Current 






80 


nnA 




iddave 


Vdd Supply Current 






10 


mA 




V|H 


Input High Voltage 


2.4 






V 




V|L 


Input Low Voltage 
(All Inputs) 






.8 


V 




vqh 


Output High Voltage 


2.8 






V 


lO = - 100 mA 


Vol 


Output Low Voltage 






.4 


V 


lO = 1.6 mA 



AC CHARACTERISTICS 

Ta = 0°Cto70°C,VDD = +12.0V ±5%,Vbb = -5.0V ±5%,VcC = +5.0 ±5%,VsS = OV 
CLmaX = 20pf 



SYMBOL 


CHARACTERISTIC 


MIN 


TYP 


MAX 


UNITS 


CONDITIONS 


tas 


Address Set-Up Time 


0 






ns 




tah 


Address Hold Time 


150 






ns 




tarl 


Address to RPLY Delay 






400 


ns 




TCS 


CS Width 


250 






ns 




tcsrlf 


CSto Reply OFF Delay 


0 




250 


ns 


RL = 2.7 KQ 


READ 




Tare 


Address and RE Spacing 


250 






ns 




trecsh 


RE and CS Overlap 


20 






ns 




trecs 


RE to CS Spacing 


250 






ns 




Tred 


RE to Data Out Delay 






180 


ns 


Cl = 20 pf 


tre 


RE Width 


200 




1000 


ns 




WRITE 




tawe 


Address to WE Spacing 


250 






ns 




TWECSH 


WE and CS Overlap 


20 






ns 




TWE 


WE Width 


200 




1000 


ns 




tds 


Data Set-UpTime 


150 






ns 




tdh 


Data Hold Time 


100 






ns 




TWECS 


WE to CS Spacing 


250 






ns 
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0^ 



-Tare — 



Trecsh 



0 



Trecsh 



0lV_ 



Tarl 

1 = V|H(min) = 2.4V 

2 = V|L (max) = 0.8V 

3 = Vqh (min) = 2.8V 

4 = VoL(max) = 0.4V 



0 



-TRE 
■TCSRLF 



^0 



N0TE1: ID DECODE Is the major factor in 
TARE and TARL timing. 

NOTE 2: If ctianging the Control Registers 
while processing data the WE pulse 
width must be contained within the 
Data Valid envelope to Insure correct 
data processing. 



READ CYCLE TIMING DIAGRAM 



- -Tawe 



® 



H-1 



© 



TWECSH 



Jah 

(D ©f^ 



Tdh 

""TWECS'"" 



© 



f- - TyvE 

''TcgRLF-j 

■» -Tari »| 



c 
o 

Oi 



WRITE CYCLE TIMING DIAGRAM 



INTERRUPT 



CHARACTERISTIC 



MIN 



TYP 



MAX 



UNITS 



CONDITIONS 



TCSI 

tqsre 
tqsreh 
trecs 

TPI 
T|AD 

TreD 
TiARL 

tqsrlf 

TiAIH 

Til 
TjOFF 



OS to lACKI Delay 
CS to RE Delay 
CS and RE Overlap 
RE to CS Spacing 



lACKI Pulse Width 



lAGKIto Valid ID 
Code Delay 

RE OFF to DAL Open Delay 



lACKI to RPLY Delay 



CS to RPLY OFF Delay 



lACKI ON tolNTROFF 

Delay 



lACKI to lACKO Delay 



lACKO OFF Delay 

From CS OFF, RE OFF, or 



lACKI HIGH. 



0 
250 
20 
250 
200 



250 

180 
250 
250 
300 

200 
250 



ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 

ns 
ns 



See Note 1, 



RL = 2.7 KQ 



See Note 2. 



Note 1: If RE go es low after lACKI goes low, the delay will be from the falling edge of'ffE. 
Note 2: lACKO goes false after the last one of the following three signals go false: CS, RE and 
lACKI. T|OFF is measured from the last signal going false. 
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RTrXSN INTERRUPT CYCLE ADDRESS 
(Note 1L 



INTR- 
lACKI - 



® 



(D 



TCSRE, 




-Tpi- 



T|OFF I" 



Note 1: DALO must be a logic low during CS to form 

an Interrupt Cycle Address durlng.Dalsy Chain 
Interrupt Response. 



INTERRUPT CYCLE TIMING DIAGRAM 
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WESTERN DIGITAL 

CORPORAT/ON 

WD1931 & WD193X Family Data Sheets 



Parti 

WD1931 Asynchronous/Synchronous Receiver/Transmitter 449 

Part 2 

WD193X Sync Data Link Controller 467 

Application Note 

WD1931/WD193X Compatibility Application Note 485 



O 

CO 



O 

(O 
CO 
CO 



TIT 



□ Vcc ( + 5) 
3CD 

□ R4 
3 R3 

□ R2 
3R1 

3 Ri 

□ dsr 
3rts 

□ 1xTC 
3 RSCLK 
DCTS' 

□ tboc 
3 RD 

3 1xRC 
3TD 

□ Vdd(+12V) 

3aT 

3 AO 
3 NC 



(1933) - NC 
935) — REOM C 
"EOBC 
"REC 
"CSC 

INTRQC 
WEC 
DOq 
^TC 
D2C 
"D3C 
"D4C 
"DsC 

Den 

"07C 
MR C 

DRQO C 
ORQI C 
VSS (GND) C 



TIT- 



CO 
CO 

ai 



FEATURES 



Asynchronous Operation HLDC SDLC| compatible 

Character Synchronous Operation auouk, A.^io j 

Programmable Syn and DLE Character SDLC Loop Mode 

8 Selectable Clock Rates NRZI and Digital Phase Lock Loop 
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ORDERING INFORMATION 
Q Tables. WD193X ORDERING INFORMATION 



Part No. 


Loop Mode 


Maximum 
Data Rate 


Temp. Range 


WD193X *-00 


no 


500KBPS 


0°Cto +70''C 


WD193X *.10 


yes 


500KBPS 


CCto +70''C 


WD193X *-01 


no 


1.0MBPS 


O-Cto +70°C 


WD193X*-11 


yes 


1.0MBPS 


CCto +70°C 


WD193X *-02 


no 


1.5MBPS 


O'Cto +70'C 


WD193X*-12 


yes 


1.5MBPS 


CCto +70°C 


WD193X *-03 


no 


2.0MBPS 


0°Cto +70°C 



* Please contact your local Western Digital Sales Representative for package availability and price information. 



See page 725 for ordering information. 



Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility Is assumed by Western Digital 
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license Is granted by 
Implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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Printed m U S A 



WD1931 Asynchronous/Synchronous Receiver/Transmitter 



o 

CO 



FEATURES 

SYNCHRONOUS AND ASYNCHRONOUS 
Full Duplex Operations 
Selectable Character Length (5, 6, 7 or 8 Bits) 

SYNCHRONOUS MODE 

Two Successive SYN Characters Sets 
Synchronization 

Programmable SYN and DLE Character 
Detection and Stripping 
Programmable SYN and DLE-SYN Fill 
Transparent BI-SYNC Operation 
DDCMP Compatible 

ASYNCHRONOUS MODE 

Line Break Detection and Generation 
1-, 1 V2-, or 2-Stop Bit Selection 
False Start Bit Detection 
Automatic Serial Echo Mode 
Overrun and Framing Error Detection 

SYSTEM COMPATIBILITY 
Double Buffering of Data 
8-Bit Bi-Directional Bus for Data, Status, and 
Control Words 

All Inputs and Outputs TTL Compatible 
Chip Select, RE, WE, AO, A1 Interface to CPU 
On-Line Diagnostic Capability 
Data Set, Carrier Detect, and Ring Interrupts 

BAUD RATE — DC TO 1M BIT/SEC 



8 SELECTABLE CLOCK RATES 

• Accepts IX Clock and Up to Four Different 32X 
Baud Rate Clock Inputs 

• Up to 47% Distortion Allowance with 32X Clock 

PINOUT COMPATIBLE TO WD193X FOR 
MULTIPROTOCOL BOARD APPLICATIONS 

APPLICATIONS 

SYNCHRONOUS COMMUNICATIONS 
ASYNCHRONOUS COMMUNICATIONS 
SERIAL/PARALLEL COMMUNICATIONS 

GENERAL DESCRIPTIONS 

The WD1931 is a MOS/LSI device which performs the 
functions of interfacing a serial data communi- 
cations channel to a parallel digital system. This 
device is capable of full duplex communications with 
asynchronous and/or synchronous systems. Western 
Digital has made device pin assignments for the 
WD1931 to make it compatible with the WD193X 
(Synchronous Data Link Controller). This pin out 
allows the user to implement a one-board multi- 
protocol design. For character-oriented asynchro- 
nous and/or synchronous (bi-sync) protocols, the 
WD1931 is used, and for bit-oriented SDLC, HDLC 
and ADCCP protocols the WD193X is used (see 
WD193X data sheets and WD1931/WD193X compati- 
bility application notes). 
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DESCRIPTION OF PIN FUNCTIONS 

The W D1931 is packaged in a 40 pin DIP. Tine following is a functional description of each pin. A bar over a 
signal (SIGNAL), means active Low. 



Table 1. DESCRiPTION OF WD1931 PIN FUNCTIONS 



PIN 
NUMBER 


PIN NAME 


SYMBOL 


FUNCTION 


1 




NC 


No connection allowed to this pin. Used in- 
ternally only. 


2 




NC 


No connection. 


3 


READ ENABLE 


RE 


This input, when low (and CS is active), gates 
the content of addressed register onto the 
Data bus. 


4 


CHIP SELECT 


eg 


This input, when low, selects the WD1931 for 
a read or write operation to/from the Data bus. 


5 


MISC OUTPUT 


MISC OUT 


This output is an extra programmable output 
signal for the convenience of the user. Is 
controlled by the CR4 bit (sync, mode) or CR5 
bit (async mode). 


6 


INTERRUPT 
REQUEST 


INTRO 


This output is high whenever any of the in- 
terrupt conditions occur. Reading the stai:us 
register resets this signal (see Note 1). 


7 


WRITE ENABLE 


WE 


This input when low (and CS is active), gates 
the content of the Data bus into the ad- 
dressed register. 


8-15 


DATA BUS 


D0-C)7 


Bidirectional three-state Data Bus. Bit 7 is 
MSB. 


16 


MASTER RESET 


MR 


This input, when low, initializes all the regis- 
ters, and forces the WD1931 into an idle state. 
The WD1931 will remain idle until a command 
is issued by the CPU. 


17 


DATA TERMINAL 
READY 


DTR 


Modem Control Signal. This output when low, 
indicates to the Data Communication Equip- 
ment (DCE) that the WD1931 is ready to trans- 
mit or receive data. 




RATA RFOlIF<5T 
OUTPUT 




ThiQ rtiitniit u/hpn hinh inriipntp^ that thp 

Transmitter Holding Register (THR) is empty 
and ready to receive a data character from the 
Data bus for a transmit operation. Loading 
THR resets this signal. 




RATA OCf^l ICCT 

UAIA nbUUtol 
INPUT 


npol 
UnvJl 


1 Ills uuipul, wricii iiiyii, iiiuiodicb iiiai nc- 
ceiver Holding Register (RHR) contains a new- 
ly received data character, available to be read 
onto the Data bus. Reading RHR resets this 
signal. 


20 


vss 


Vss 


Ground. No connection. 


21,22,23 


ADDRESS LINES 


NC, AO, A1 


These inputs are used to address the CPU 
interface registers for read/write operations. 


24 


vdd 


vdd 


-I-12V. 


25 


TRANSMITTED DATA 


TD 


This output transmits the serial data to the 
Data Communications Equipment/Channel. 


26 


RECEIVE CLOCK 


IXRC 


IX Receive Clock. This input is used to 
synchronize the received data. Data is sam- 
pled on the positive transition of this signal. 
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Table 1. PIN FUNCTIONS (Continued) 



PIN 
NUMBER 


PIN NAME 


SYMBOL 


FUNCTION 


27 


RECEIVED DATA 


RD 


This input receives the serial data from the 
Data Communication Equipment/Channel. 


28 


TRANSMITTER BYTE 
OUTPUT COMPLETE 


TBOC 


This output goes high after the last bit of a 
byte is transmitted including parity If enabled, 
and is valid for one bit period. 


29 


CLEAR TO SEND 


CTS 


Modem Control Signal. This input when low, 
indicates that the DOE Is ready to accept data 
from the WD1931. 


30 


ntCclVcn 
SAMPLE CLOCK 


RSCLK 


This output goes high when the receiver data 
Is sampled, and is valid for one clocl< period. 


31 


TRANSMIT CLOCK 
IX TRANSMIT CLOCK 


1XTC 


This input is used to synchronize the trans- 
mitted data. The failing edge of this signal 
generates new transmitted data. 


32 


REQUEST TO SEND 


rTs 


Modern Control Signal. This output, when low, 
indicates to the DOE that the WD1931 Is ready 
to transmit data. 

If Bit 1 of Control Register 1 Is reset during a 
transmission then RTS will go high on the 
falling edge of the transmitter clock that 
follows the last bit of the current transmission 
character. 


33 


DATA SET READY 


DSR 


Modem Control Signal. This input, when low, 
indicates that the DCE is ready to receive or 
transmit data. 


34 


RING INDICATOR 


R1 


Modem Control Signal. This input generates 
an interrupt when made low with DTR off. 


35-38 


CLOCK RATES 


R1-R4 


These four rate inputs are used for 32X Local 
Transmit and Receive clocl<s. The rate is 
selected by the Control Register R1 is 
common to both Transmitter and Receiver. R2- 
R4 are clock rates for the Transmitter only 


39 


CARRIER DETECT 


CD 


Modem Control Signal. This Input appears as 
Status Bit 5 and generates Interrupts when 
going on or off If DTR Is on. 


40 


vcc 


Vcc 


-I-5V 
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ORGANIZATION 

The WD1931 block diagram is illustrated on page 1. 
I< The primary sections Include the control, buffer, 
O status, receiver, transmitter, comparison and sync 
^ registers. 

CONTROL REGISTERS — There are two 8-blt Con- 
trol Registers which hold device programming sig- 
nals such as mode selection, clock selection, Inter- 
face signal control, and data format. Each of the Con- 
trol Registers can be loaded from the Data Bus by a 
Write operation or read onto the Data Bus by a Read 
operation. The registers are cleared by a Master 
Reset. 

RECEIVER HOLDING REGISTER — This 8-blt paral- 
lel buffer register presents assembled received char- 
acters to the Data Bus when requested through a 
Read operation. 

STATUS REGISTER — This 8-bit register holds in- 
formation on communication errors, interface data 
register status, match character conditions, and com- 
munication equipment status. This register may be 
read onto the Data Bus by a Read operation. 

OLE REGISTER — This 8-bit register is loaded from 
the Data Bus by a Write operation and holds the DLE 
character used In the Transparent mode of operation 
in which an idle transmit period is filled with the 
combination DLE-SYN pair of characters rather than 
a single SYN character. In addition the WD1931 may 
be programmed to force a single DLE character prior 
to any data character transmission while in the 
transmitter transparent mode. This register cannot be 
read onto the Data Bus. It must be loaded with logic 
zeroes In all unused high-order bits. 

SYN REGISTER — This 8-bit register is loaded from 
the Data Bus by a Write operation and holds the 
synchronization code used to establish receiver 
character synchronization, it serves as a fill character 
when no new data is available in the Transmitter 
Holding Register during transmission. This register 
cannot be read onto the Data Bus. It must be loaded 
with logic zeroes In all unused high-order bits. 

TRANSMITTER HOLDING REGISTER — This 8-blt 
parallel buffer register holds parallel transmitted data 
transferred from the Data Bus by a Write operation. 
This data Is transferred to the Transmitter Register 
when the transmitter section is enabled and the 
Transmitter Register Is empty. 

RECEIVER REGISTER — This 8-bit shift register 
inputs the received data at a clock rate determined by 
the selected receiver clock. This incoming data is 
assembled to the selected character length and then 
transferred to the Receiver Holding Register with 
logic zeroes filling out any unused high-order bit 
positions. 

TRANSMITTER REGISTER — This 8-bit shift register 
is loaded from the Transmitter Holding Register, SYN 
register, or DLE register. The purpose of this register 
is to serialize data and present It to the transmitted 
Data output. 



COMPARATOR — The 8-bit comparator is used in 
the Synchronous mode to compare the assembled 
contents of the Receiver Register to the SYN register 
or DLE register. A match between the registers sets 
up stripping of the received character, if so pro- 
grammed, by preventing the data from being loaded 
into the Receiver Holding Register. A bit in the Status 
Register is set when stripping is performed. The 
comparator output also enables character syn- 
chronization of the Receiver on two successive 
matches with the SYN register. 

DATA BUS — The Data Bus Is an 8-bit inverted bi- 
directional bus port over which all data, control, and 
status transfers occur. 

WD1931 OPERATION 
ASYNCHRONOUS MODE 

Framing of asynchronous characters is provided by a 
Start bit (logic zero) at the beginning of a character 
and a Stop bit (logic one) at the end of a character. 
Reception of a character is initiated on recognition of 
the first Start bit after a preceding Stop bit. The Start 
and Stop bits are stripped off while assembling the 
serial input Into a parallel character. If enabled, the 
parity bit is checked and then stripped off. 

The character assembly is completed by the recep- 
tion of the Stop bit after reception of the last charac- 
ter or parity bit. If this bit is a logic one, the character 
is determined to have correct framing and the 
WD1931 is prepared to receive the next character. If 
the Stop bit is a logic zero, the Framing Error Status 
flag is set and the Receiver assumes this bit to be the 
Start bit of the next character. Character assembly 
continues from this point if the input is still a logic 
zero when sampled at the theoretical center of the 
assumed Start bit. As long as Received Data is 
spacing, all zero characters are assembled and error 
flags and data received Interrupts are generated so 
that line breaks can be determined. After a character 
of all zeroes Is assembled along with a zero in the 
Stop bit location, the first received logic one is 
determined as a Stop bit and this resets the Receiver 
circuit to a Ready state for assembly of the next 
character. 

In the Asynchronous mode the character transmis- 
sion occurs when Information contained in the Trans- 
mitter Holding Register is transferred to the Trans- 
mitter Register. Transmission is initiated by the 
insertion of a Start bit, followed by the serial output 
of the character (least significant bit first) with parity, 
if enabled, following the most significant bit, then the 
insertion of a 1-, 1.5-, or 2-bit length Stop bit. If the 
Transmitter Holding Register is full, the next charac- 
ter transmission starts after the transmission of the 
Stop bit(s) of the present character in the Transmitter 
Register. Othenwise, the Mark (logic one) condition is 
continually transmitted until the Transmitter Holding 
Register is loaded. 

In order to allow re-transmission of data received at a 
slightly faster character rate, means are provided for 
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shortening the Stop bit iength to aliow transmission 
of characters to occur at the same rate as the 
reception of characters. The Stop bit may be short- 
ened a maximum of 1/16 of a bit period for 1-Stop bit 
selection and 3/16 of a bit period for 1.5-*, or 2-Stop 
bit selection. To shorten the Stop bit the user must 
load the Transmitter Holding Register exactly (X + 2) 
IBths of a bit period before the end of a stop bit 
transmission, where X = the number of 16ths the user 
wishes to strip. If X + 2 exceeds the maximum then 
no shortening occurs. This feature does not work in 
1X clocking mode. 

*NOTE: As a special case, the 1.5 stop bit mode can 
be shortened from 1/24 to 1 1/24 of the whole 
period if the Transmitter Holding Register is 
loaded {X-f-2) 24ths (of the whole period) 
before the end of the stop bit transmission. 

SYNCHRONOUS MODE 

Framing of characters is carried out by a special 
Synchronization Character Code (SYN) transmitted at 
the beginning of a block of characters. The Receiver, 
when enabled, searches for two continuous charac- 
ters matching the bit pattern contained In the SYN 
register. During the time the Receiver Is searching, 
data Is not transferred to the Receiver Holding Regis- 
ter, status bits are not updated, and the DRQI Is not 
activated. After the detection of the first SYN charac- 
ter, the Receiver assembles subsequent bits into 
characters whose length is determined by contents 
of the Control Register, If, after the first SYN 
character detection, a second SYN character Is 
present, the Receiver enters the Synchronization 
mode until the Act Rec bit Is turned off. If a second 
successive SYN character Is not found, the Receiver 
reverts back to the Search mode. 

In the Synchronous mode a continuous stream of 
characters are transmitted once the Transmitter is 
enabled, if the Transmitter Holding Register is not 
loaded at the time the Transmitter Register has 
completed transmission of a character, this Idle time 
will be filled by a transmission of the character 
contained In the SYN register In the Non-transparent 
mode, or the characters contained In the DLE and 
SYN registers respectively while in the Transparent 
mode of operation. 

DETAILED OPERATION 

Receiver — The Received Data Input is clocked into 
the Receiver Register by a IX Receive Clock from a 
modem Data Set, or by a local 32X bit rate clock 
selected from one of four externally supplied clock 
inputs (R1-R4). When using the IX clock, the 
Received Data Is sampled on the positive transition 
of the clock in both the Asynchronous and Syn- 
chronous modes. When using a 32X clock in the 
Asynchronous mode, the Receive Sampling Clock is 
phased to the Mark-To-Space transition of the 
Received Data Start bit and defines, through clock 
counts, the center of each received Data bit within 
+ 0%, -3% at the positive transition 16 clock 



periods later. 

In the Synchronous mode the Sampling Clock is ^ 
phased to ail Mark-To-Space transitions of the Re- < 
ceived Data inputs when using a 32X ciock. Each 2 
transition of the data causes an incremental correc- <o 
tion of the Sampling Clock by 1/32nd of a bit period. W 
The Sampling Clock can be immediately phased to 
every Mark-To-Space Data transition by setting Bit 4 
of Control Register 1 to a logic one while the Re- 
ceiver is disabled. 

After a complete character has been shifted into the 
Receiver Register, this is transferred to the Receiver 
Holding register. The unused higher number bits are 
filled with zeroes. At this time the Receiver Status 
bits (Framing Error/Syn Detect, Parity Error/DLE 
Detect, Overrun Error and DRQI) are updated in the 
Status Register and the DRQI interrupt is activated. 
Parity Error is set, if encountered and if the Receiver 
parity check is enabled in the Control Register. 
Overrun Error is set if the DRQI bit is not cleared 
through a Read operation when a new character is 
ready to be transferred to the Receiver Holding 
Register. This error flag indicates that new data is 
lost and the old data character and Its status flags are 
saved. 

The characters assembled in the Receiver Register 
that match the contents of the SYN or DLE registers 
are not loaded into the Receiver Holding Register 
and the DRQI is not set if Bit 3 of Control Register 2 
(CR23 = SYN Strip) or Bit 4 of Control Register 1 
(CR14=DLE Strip) are set respectively. The SYN 
DETECT and DLE DETECT status bits are then set 
with the next non-SYN or DLE character. When both 
CR23 and CR14 are set (Transparent mode), the DLE- 
SYN combination is stripped. The SYN comparison 
occurs only with the character received after the DLE 
character If two successive DLE characters are 
received only the first DLE character is stripped. No 
parity check Is made while In this mode. 

Transmitter — A character Is transferred to the 
Transmitter Holding Register by a Write operation. 
This can be done at any time, even when the 
Transmitter Is not enabled. Transmission of data Is 
Initiated only when the ACT TRAN bit is set In the 
Control Register and the Clear To Send input Is Low. 
A character Is normally transferred from the Transmit- 
ter Holding Register to the Transmitter Register 
when the latter has completed transmission of an 
earlier character. However, Information in the DLE 
register may be transferred prior to this character 
contained in the Transmitter Holding Register if the 
Force DLE signal condition is enabled (CR15 and 
CR16 are set). The control bit CR15 must be set prior 
to loading of a new character in the transmitter 
holding register to ensure forcing the DLE character 
prior to transmission of this new data character. The 
Transmitter Register output passes through a flip- 
flop which delays the output by one serial data bit 
time. Wfien using the 1X clock the output data 
changes state on the negative ciock transition. When 
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using a local 32X clock the transmitter section 
^ selects one of the four selected clock rate inputs {R1- 
< R4) and divides the clock (by 32) down to the baud 
O rate. This clock is phased to the Transmitter Holding 
Jo Register empty flag (DRQO) such that transmission 
W of characters occurs within two data bit times of the 

loading of the Transmitter Holding Register when the 

Transmitter Register is empty. 

When the Transmitter is enabled, the DRQO will set 
each time the Transmitter Holding Register is empty. 
If the Transmitter Holding Register still is empty 
when the Transmitter Register is ready for a new 
character, the Transmitter enters an idle state. During 
this idle time a logic one will be presented to the 
Transmitted Data output in the Asynchronous mode 
or the contents of the SYN register will be presented 
in the Synchronous Non-transparent mode (CR16 
= 0). In the Synchronous Transmit Transparent mode 
(CR16 is set), the idle state will be filled by a DLE-SYN 
character transmission in that order. When entering 
the Transparent mode the DLE-SYN fill will not occur 
until the first forced DLE. 

If the ACT TRAN bit is reset while a character is 
currently being transmitted, this character will be 
completed before the transmitter goes idle. When 
CTS goes high however, the transmitter (TD) im- 
mediately goes idle. 

When the Transmit parity is enabled, the selected 
Odd or Even parity bit is inserted between the charac- 
ter and the Stop-bit/s. Parity cannot be enabled in the 
Synchronous Transparency mode. 

CLOCKING 

Two clocking schemes are used. In one case a 1X 
Receiver Timing and Transmitter Timing are used to 
clock their respective data. In the second case a 32X 
clock is used to clock the data. The device is capable 
of selecting from four externally supplied clock-rates 
(R1-R4). 

The use of the IX clock is the same for the receiver 
and the transmitter in both the Synchronous and 

Asynchronous Character modes. 

The use of the 32X clock in the receiver differs 
depending on mode. In the Asynchronous Character 
mode the receive sampling clock is phased to the 
mark-space transition of Received Data input at the 
beginning of the Start bit, causing the Sampling 
clock to be approximately in the middle of the bit. 
The accuracy of sampling is +0%, -3%. In the 
Synchronous Character mode the Receive Sampling 
clock is phased to all the mark-space transitions on 
the Received Data input. Each such transition of the 
data causes an incremental correction of the 
Sampling clock of 1/32 of the bit period. The Sam- 
pling clock can be immediately phased with the data 
transitions by setting Bit 4 of Control Register 1 to a 1 
bit with the receiver disabled. As long as this bit is a 
one the Sampling clock is locked to every mark- 
space data transition. 



The transmitter divides the selected rate input down 
to the baud rate. This clock is phased to the DRQO so 
that character transmission starts within two clocks 
of the THR loading when the transmitter is idle. 

AUTO ECHO FEATURE 

The device is capable of serially echoing the received 
data with a one bit delay when in the Asynchronous 
mode and the Receiver on. This causes the clocked 
regenerated received data to be presented to the 
Transmit Data output rather than the output of the 
Transmitter Register and a steady marking on TD out- 
put. This serial method of echoing does not present 
any abnormal restrictions on the transmit speed of 
the terminal. Breaks are not echoed back. When the 
device detects a Zero Stop bit and a character of all 
zeroes, the echoing stops and a steady marking is 
transmitted until such time as normal character 
reception resumes. Because echoing is taking place 
during determination of a break condition, a single 
character of all zeroes (Null character) is echoed 
when a break is initiated at the terminal. The Echoing 
is enabled by setting Bit 4 of Control Register 1. 
Echoing does not start until the start of a receive 
char acter at a time when the transmitter is idle and 
CTS is low. If the Transmitter is forced out of the idle 
mode while a character is being echoed transmission 
of that character Is halted. The Transmitter is idle 
when CR11 is a zero or the Transmitter is waiting for 
the THR to be loaded in the Asynchronous mode. 

LOOP FEATURE 

The device has on-line diagnostic capability. When 
bit CR17 is a zero (LOOP), the data and data set 
controls are appropriately looped as follows: 

• Transmit Data is connected to Receive Data, with 
the TD output pin held in a MARK condition and 
the RD input pin disregarded. 

• Transmitter clock is connected to the Receive 
clock. 

• The Data Terminal Ready output i s co nnected to 
the Data Set Ready input with the DTR o utput pin 
held in an OFF condition and the DSR input pin 
disregarded. 

• The Request To Send output is internally con- 
nected to the Clear To _Send input and Carrier 
Detect inputs, with the R TS o utput pin held in an 
OFF condition and the CTS and CD input pins 
disregarded. 

• MISCELLANEOUS output is also held in an OFF 
condition. 

INPUT/OUTPUT OPERATIONS 

All data, control, and status information is when 
needed transferred to the Data bus. Control and 
address lines provide for controlling and addressing 
of input and output operations. In addition, other 
lines provide interrupt capability for alerting a CPU 
that input/output is required. Input/output terminol- 
ogy is referenced to the CPU; therefore, a Read or In- 
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put receives data from the device and places it on the 
Data bus, vt/hile a Write or Output places data from 
the Data bus into the device. 



Read _ 

A read operatio n Is Initiated w hen both CS and RE go 
low. When the Read Enable (RE) line goes low, the 
device gates the contents of the addressed register 
onto the Data bus. The device becomes unselected 
when either the CS or RE go high. When the Receiver 
IHoiding Register Is read, the DRQI Is reset. 



Write 

A Write operatio n is initiated w hen both ^ and WE 
go low. When the Write Enable (\i'7E) line goes low, the 
device gates the data from the Data bus into the 
addressed register. When either the CS or WE go 
high the device becomes unselected. When the 
Transmitter Holding Register is written into, the 
DRQO is reset. 

After first writing into SYN the device Is conditioned 
to write into DLE if followed by another Write to that 
same address. Any intervening Read or Write to other 
addresses reset this condition. 

AO and A1 address device registers for Read/Write 
operations are shown here: 



Table 2. REGISTER ADDRESS FOR 
READ/WRITE OPERATIONS 



Ml 


AO 


K68a 


wniB 


LO 


LO 


Control Register 1 


Control Register 1 


LO 


HI 


Control Register 2 


Control Register 2 


HI 


LO 


Status Register 


SYN & DLE Register 


HI 


HI 


Receiver Holding 
Register 


Transmitter Holding 
Register 



DEVICE PROGRAMMING 

Programming, operating and monitoring of the 
WD1931 is done via two Control Registers, one 
Status Register, a SYN/DLE Register, and the Trans- 
mit and Receive Holding Registers. The two Control 
Registers are referred to as CR1 and CR2. The bits 
within CR1 are refen-ed to as CR10 through CR17, 
and the bits within CR2 are referred to as CR20 
through CR27. For any register bit 0 is the LSB. 

Two general modes of operation exist for the 
WD1931, Asynchronous and Synchronous. Both 
modes of operation are discussed separately 81- 
SYNC is a special case of Synchronous mode and is 
not treated separately 

Following figures below show CR1, CR2, and the 
Status Register bit definitions. The meaning of each 
bit in each register is described twice: once for 
Asynchronous mode and again for Synchronous 
mode. The figures combine and summarize both 
modes. 
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See page 725 for ordering information. 
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TRANSMITTER SECTION (ASYNCHRONOUS) 



TRANSMITTER SECTION (SYNCHRONOUS) 



Figure 5. TRANSMITTER FLOW CHART 
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ASYNCHRONOUS MODE 
Control Register 1 



BIT 


NAME 


FUNCTION 


0 


DATA TERMINAL READY 
(DTR) 


This bit controls the dataTemnlnal Ready (DTR) signal to the 
data set. When CR10 is a logical 0, DTR is off. When CR10 Is 
a logical 1, DTR is on. When the Self-Test mode is selected, 
DTR signal is forced to an off state 


1 


ACTIVATE TRANSMITTER 
(ACT TRAN) 


This bit when set, enables the transmitter and sets RTS 
signal. When this bit is reset, the Transmitter is disabled and 
the RTS output turned off, but not till the end of any current 
character being transmitted. The RTS output may be used 
for other functions such as "Make Busy" on 103 data sets. 


2 


ACTIVATE RECEIVER 
(ACT REC) 


When set, enables the receiver, allowing received charac- 
ters to be placed in the Receiver Holding Register, Status 
Bits 1, 2, 3 and 4 to be updated, and the Data Request input 
to be generated. When reset, the above status bits are 
cleared. After this bit is set, character reception starts with 
the first bit after a valid start bit. 


3 


PARITY ENABLE 


When set, enables check of parity on received characters 
and generation of parity for transmitted characters. 


4 


ECHO MODE 


When set, and the RECEIVER Is enabled, the clocked 
regenerated data is presented to the Transmitted Data 
output . The transmitter does not have to be enabled. 


5 


STOP BIT 

SELECTION/MISCELLANEOUS 


When set, with the transmitter enabled, causes a single 
stop bit to be transmitted. When reset, causes two stop bits 
to be transmitted for character lengths of 6, 7, or 8 bits and 
1.5 stop bits for a character length of 5 bits. When the 
transmitter is not enabled, this bit controls the MISCELLAN- 
EOUS output on Pin 5 to be used for Make Busy on 103 Data 
Sets, Secondary Transmit on 202 Data Sets, or dialing on 
CBS Data Couplers. 


6 


BREAK 


When set, and the transmitter is enabled, the Transmitted 
Data is held in a spacing condition starting with the end of 
any current character. Normal transmitter timing continues 
so that the break can be timed out by loading characters 
into the THR, i.e., DRQOs are generated and the transmitter 
operates normally except for the output which remains low 
while this bit is a one. 


7 


LOOP/NORMAL 


When this bit is reset, the device is configured to provide an 
internal data and control loop and the Ring Indicator in- 
terrupt is disabled. When this bit is set, the device is in 
normal full duplex configuration and the Ring Indicator 
interrupt is enabled. 
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Control Register 2 



BIT 


NAME 


FUNCTION 


2-0 


CLOCK SELECT 


Selects Transmit and Receive clock as follows: 
0— IXRC/IXTC (IX) Transmitter Clock and If RX = 0, also 
Receive Clock 

1 — Rate 1 (32X) ^ 

2 — Rate 2 (32X) 1 

3 — Rate 3 (32X) 1 

4 — Rate 4 (32X) > Transmitter Clock 

O — rlatc ^ [pHA) 1 \.^riiy 

6— Rate4(32X)(128X) 

7 — Rate4(32X)(256X) J 


3 


ALTERNATE RECEIVER 
X CLOCK 


When reset, selects Rate 1 as the Receiver clock rate. When 
set, provides the same rate as Transmitter Clock (R1-R4). 
This bit must be set if 1X clocking is selected in bits 2-0. 


4 


PARITY ODD/EVEN 


When set, selects Odd Parity and reset selects Even Parity, 

when Parity is enabled. 


5 


CHARACTER MODE 


When reset, selects Asynchronous Character Mode. 
When set selects Synchronous Character Mode. 


7-6 


CHARACTER LENGTH 


Selects number of bits per character as follows (excluding 
parity bit): 

0- 8 bits 

1- 7 bits 

2- 6 bits 

3- 5 bits 



SYNCHRONOUS MODE 
Control Register 1 



BIT 


NAME 


FUNCTION 


0 


DATA TERMINAL READY 

(DTR) 


This bit controls the data Terminal Ready (DTR) signal to the 
data set. When CR10 is a logical 0, DTR is off. When CR10 is 
a logical 1, DTR is on. When the Self-Test mode is selected, 
DTR signal is forced to an off state 


1 


ACTIVATE TRANSMITTER 
(ACT TRAN) 


This bit when set, enables the transmitter and sets RTS 
signal. When this bit is reset, the Transmitter is disabled and 
the RTS output turned off, but not tilljhe end of any current 
character being transmitted. The RTS output may be used 
for other functions such as "Make Busy" on 103 data sets. 


2 


ACTIVATE RECEIVER 
(ACTREC) 


When set, enables the receiver, allowing received charac- 
ters to be placed in the Receiver Holding Register, Status 
Bits 1, 2, 3 and 4 to be updated, and the Data Request input 
to be generated. When reset, the above status bits are 
cleared. After this bit is set, character reception starts after 
two matches to the contents of SYN Register. 
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Control Register 1 (Sync Mode continued) 



BIT 


NAME 


FUNCTION 


3 


PARITY ENABLE 


When set, enables check of parity on received characters 
only 


4 


DLE STRIP/MISCELLANEOUS 


When set, and the receiver is activated, received characters 
which match the contents of the DLE Register are stripped 
out. Also parity checking is disabled. When the receiver is 
not activated, this bit controls the MISCELLANEOUS output 
on Pin 5 to be used for New Sync on a 201 Data Set. When 
operating with a 32X clock and the receiver is not activated, 
this bit set also causes the receiver bit timing to syn- 
chronize on mark-space transitions. 


5 


TX PARITY ENABLE/ 


When set, with Bit 6 of Control Register 1 reset. Transmit 




FORCE DLE 


Parity is enabled, othenwise no parity is generated. When 
set, with Bit 6 set, It causes the contents of the DLE 
Register to be transmitted prior to the next character loaded 

III iiic iieirisiiiiiior nuiuiiiy ncyioici. \oca uoooripiivjii (ji 

Transparency) 


6 


TX TRANSPARENT 


When set, the transmitter is conditioned for transparent 
transmission, which implies that idle fill will be DLE-SYN 
and a DLE can be forced ahead of any character in the THR 


7 


LOOP/NORMAL 


When this bit is reset, the device is configured to provide an 
internal data and control loop (see Loop feature) and the 
Ring Indicator interrupt is disabled. When this bit is set, the 
device is in normal full duplex configuration and the Ring 
Indicator interrupt is enabled. 



Controi Register 2 



BIT 


NAME 


FUNCTION 


2-0 


CLOCK SELECT 


Selects Transmit and Receive clock as follows: 






0— IXRC/IXTC (IX) Transmitter Clock, and if RX=0, also 






Receive Clock 








1 — Rate 1 (32X) ^ 








2 — Rate 2 (32X) 








3 — Rate 3 (32X) 








4 — Rate 4 (32X) 


y Transmitter Clock 






5 — Rate 4 (64X) 


Only 






6 — Rate4(128X) 








7 — Rate 4 (256X) J 




3 


STRIP SYN 


When set, and the receiver is enabled, received characters 






which match the contents of the SYN Register are stripped 






out. Also the SYN Detect status bit will be set for the next 






input character No SYN stripping occurs when reset. 


4 


PARITY ODD/EVEN 


When set, selects Odd Parity, when reset, selects Even 






Parity, when parity is enabled. 


5 


CHARACTER MODE 


When reset, selects Asynchronous Mode. 






When set, selects Synchronous Mode. 


7-6 


CHARACTER LENGTH 


Selects number of bits per character as follows (excluding 






parity bit): 








0-8 bits 








1-7 bits 








2-6 bits 








3-5 bits 
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TRANSPARENCY 

The Transmit Transparency mode causes Idle Fill to 
be the pair of characters DLE-SYN rather than a 
single SYN, and provides for preceding a character 
loaded into the THR with a DLE without the possibil- 
ity of an intervening DLE-SYN fill. Transparency is 
enabled by Bit 6 of Control Register 1, which allows 
force DLE to be controlled by Control Register 1, Bit 
5, but the DLE-SYN fill is not activated until after the 
first forced DLE. All aspects of Transparency are 



disabled when Bit 6 is reset. When forcing transmis- 
sion of a DLE, Bit 5 should be set prior to loading the 
Transmitter Holding Register, otherwise the character < 
in the Transmitter Holding Register may be trans- D 
ferred to the Transmitter Register prior to the setting ^ 

of the Control Bit. co 

—A 

STATUS 

The Status Register contains the following status 
information: 



BIT 


NAME 


FUNCTION 


0 


DATA REQUEST OUTPUT 

(DRQO) 


When set, indicates a Data Request Output, meaning THR 
is empty and CPU is allowed to load the new character to be 
transmitted into the THR register. This bit is a mirror image 
of DPQO signal (pin 18). Loading of THR resets DRQO. 


1 


DATA REQUEST INPUT 

(DRQI) 


When set, indicates a Data Request Input meaning RHR is 
loaded with a new received character, and CDU is allowed to 
read RHR register. This bit is a mirror image of DRQI signal 
(pin 19). Reading RHR, resets DRQI. 


2 


OVERRUN ERROR (OE) 


This bit is set, when the previous character in the Receiver 
Holding Register has not been read at the time a new 
character is ready to be transferred to the Receiver Holding 
Register The bit is reset when a character is transferred to 
the Receiver Holding Register. It is also reset when the 
receiver is deactivated. 


3 


PARITY ERROR (PE)/ 
DLE DETECT 


This bit is set, when the receiver is activated and Receive 
parity is enabled and the last received character has a parity 
error, and is reset if the character has correct parity. When 
the DLE strip is enabled, the Receiver parity check is 
disabled and this bit is set if the previous character match- 
ed the contents of the DLE Register and was stripped, 
otherwise it is reset. This bit is reset when the receiver is 
deactivated. 


4 


FRAMING ERROR (FE)/SYN 
DETECT (SD) 


In the asynchronous mode this bit is set if the bit after the 
last data bit, in the stop-bit slot, is a zero and the receiver is 
enabled. This bit is reset if the, stop-bit is a one. In the 
synchronous mode this bit is set when the contents of the 
Receiver Register matches the contents of the SYN 
Register and SYN strip is not enabled. In both modes the bit 
is reset when the receiver is deactivated. If SYN strip is 
enabled this status bit is updated when a character is 
received after the SYN character. 


5 


CARRIER DETECTOR (CD) 


This bit is a mirror image of CD signal. When this signal is 
set, SR5 is set. 


6 


DATA SET READY (DRS) 


This bit is a mirror image of DSR signal. When this signal is 
set SR6 is set. With 202-type data sets it can be used for 
Secondary Receive. 


7 


DATA SET CHANGE (DSC) 


This bit is set when there is a change in the state of the Data 
Set Ready or Carrier Detect inputs when DTR is on, or when 
the Ring Indicator goes on and DTR is off. This bit is reset 
when the Status Register is read. 



461 



Control Registers 1, 2 and STATUS Bit Assignments 



(See Note 1 and 2) CONTROL REGISTER 1 



BIT 7 


6 


5 


4 


3 


2 


1 


0 


SYNC/ASYNC 


ASYNC 


ASYNC (TRANS. 


ASYNC 


ASYNC 


SYNC/ASYNC 


SYNC/ASYNC 


SYNC/ASYNC 






ENABLED) 










n DCCCTC r\TO 


0 — LOOP MODE 


0 — NON BREAK 




0 — NON ECHO 


0 — PARITY 


0 — RECEIVER 


□—TRANSMITTER 


1 — NORMAL 




0 — 1 1/2 or 2 STOP BIT 


MODE 


DISABLED 


r^C A^TIV/ATCn 

UcAOl iVAl CU 


UtAU 1 IVMI CU 


ni IT 


MODE 


1 — BREAK MODc 


SELECTION 


1 — AU 1 u cunu 


1 — rAni 1 T ontON 


1 DCOCIV/CD 


i TDAMCMITTCD 


I 1 o li 1 n 






1— OllNULt O IvJn a\ 1 


MODE 


CM A m enow 


APTIVATPn 


ACTIVATED 


OUT (LO) 




SYNC 


OtUtC I lUN 




ntOtlVcn rAnl 1 T 




























MO I P< V ^ 1 MM No. 














MUTER TRANS- 


DISABLED) 


0 DLE 


TRANSMITTER 










PARENT MODE 
















1 -TRANSMIT 


0-MISC OUT RESET 


NOT 


SYNC 










TRANSPARENT 


( = HI) 


ENABLED 














1 MIQr* Ctl IT CCT 




n QCnCIV/Cp DAQITV 

U"~nCvCIVCri rftnl 1 T 












( = UO) 


STRIPPING 


CHECK DISABLED 














ENABLED 


1— RECEIVER PARITY 












SYNC(CR16 = 0) 




CHECK ENABLED 














SYNC(CR12 = 0) 














0- NO PARITY 
















GENERATED 


0-MISC OUT 














1 -TRANSMIT PARITY 


RESET 














GENERATED 


( = HI) 
















1-MISCOUT 














SYNC(CR16 = 1) 


SET(=LO) 














0— NO FORCE DLE 
















1- FORCE OLE 













(See Note 1 and 2) CONTROL REGISTER 2 



BIT 7 6 


5 


4 


3 


2 1 0 


SYNC/ASYNC 


MODE SELECT 


SYNC/ASYNC 


ASYNC 


SYNC/ASYNC 


CHARACTER LENGTH SELECT 

00 = 8 BITS 

01 = 7 BITS 

10 = 6 BITS 

11 = 5 BITS 


0— ASYNCHRONOUS 

MODE 

1— SYNCHRONOUS 
MODE 


1— ODD PARITY 

SELECT 
0— EVEN PARITY 

SELECT 


1 -RECEIVER CLOCK 
DETERMINED BY 
BITS 2-0 

0— RECEIVER CLK 
= RATE 1 

0— NO SYN STRIP 
1 — SYN STRIP 


CLOCK SELECT 

000 - IX CLOCK 

001- RATE 1 CLOCK (32X) 
010- RATE 2 CLOCK (32X) 
011 - RATE 3 CLOCK (32X) 
100 -RATE 4 CLOCK (32X) 
101 - RATE 4 CLOCK (64X) 
110 -RATE 4 CLOCK (128X) 
1 1 1 - RATE 4 CLOCK (256X) 



NOTE 1 . As a result of the WD1931 's inverted data bus, to set a bit in above registers, the respective data bus line is to be set to low 
(V|L)- 



(See Note 2) STATUS REGISTER 



BIT 7 


6 


5 


4 


3 


2 


1 


0 


• DATA 


• DATA 


• CARRIER 


• FRAMING 


• DLE 


• OVERRUN 


• DATA 


• DATA 


SET 


SET 


DETECTOR 


ERROR/ 


DETECT/ 


ERROR 


REQUEST 


REQUEST 


CHANGE 


READY 


(CD) 


SYN 


PARITY 


(OE) 


INPUT 


OUTPUT 


(DSC) 


(DSR) 




DETECT 


ERROR 




(DRQI) 


(DRQO) 








(FE/SD) 


(DLE/PE) 









NOTE 2. As a result of the WD1931 's inverted data bus, w/hen reading above registers, a data bus line set to \ovj (V||J, indicates the 
respective bit In the addressed register Is set (logical 1). 



REGISTER ADDRESS 



LO = V|L at pins 
HI = Vqh at pins 



Reg 


A1 


AO 


Read 


Write 


0 


LO 


LO 


Control Register 1 


Control Register 1 


1 


LO 


HI 


Control Register 2 


Control Register 2 


2 


HI 


LO 


Status Register 


SYN & DLE Register 


3 


HI 


HI 


Receiver Holding 
Register 


Transmitter Holding 
Register 
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DATA SET CHANGE INTERRUPTS 

The following interrupts can be generated. 
Carrier Detect On 

The Carrier Detect On interrupt oc curs when the 
Carrier Detect input (CD) goes low and DTR is on. 

Carrier Detect Off 

The Carrier Detect Off interrupt occ urs w hen the 
Carrier Detect input (CD) goes high and DTR is on. 

DSROn 

The DSR O n int errupt occurs whe n the Data Set 
Ready input (DSR) goes low and DTR is on. 

DSR Off 

The DSR Off interrupt occurs when the Data Set 
Ready input (DSR) goes high and DTR is on. 



Ring Indicator On 

The Ring Indicator On interrupt occurs when the Ring < 
Indicator input (Rl) goes low and DTR Is off. q 

When an interrupt condition exists, the INTRO output r± 
is set. Reading the Status Register or activating ^ 
Master Reset (MR) will reset INTRQ. 

DATA BUS CONTROLS 

The following Data Bus controls can be generated. 
Data Request Output 

This control signal occurs when the THR Is empty 
while the transmitter is enabled. 

Data Request input 

This control signal occurs when the RIHR Is full while 
the receiver Is enabled. 



VOH 



D7-D0 



A0,A1,CS 



HIGH IMP. STATE 



Vol 

V|H- 



^i"dacc-^ 



V|L 
V|H 



V|L 



VALID 



> 



Tdoh 



rz 



TCS 



-^TsET 



-Tre- 



^thld* 



Figure 3. READ TIMING 



V|H 



D7-D0 



AO, A1,C§ 



WE 



V|L 

V|H. 

V|L 

V|H 



X 



VALID 



X 



Tds- 



Tdh 



V|L 



-Tcs- 



— tset- 



V 



twe 



^thld-* 



Figure 4. WRITE TIMING 



463 



MAXIMUM RATINGS 

Vdd With Respect to Vss 

(Ground) +15 to -0.3V 
Max. Voltage To Any Input With 

g Respect to Vss +20 to -0.3V 

Operating Temperature 0° C to + 70° C 

Power Dissipation 600 mW 

Storage Temperature Ceramic - 65° C to + 1 50° C 

Plastic -55°Cto +125°C 



Table 3. WD1931 DC CHARACTERISTICS 

Ta = O-C to +70-0, Vdd = +I2.OV ± 0.6V, VCC = +5.0V ± 0.25V, Vss = OV 



SYMBOL 


CHARACTERISTIC 


MIN 


TYP 


MAX 


UNITS 


CONDITIONS 


ILI 


Input Leakage 






10 




ViN = Vdd 


ILO 


Output Leakage 






10 


mA 


VOUT = VcC 


iccave 


Vcc Supply Current 






80 


mA 




iddave 


Vdd Supply Current 






10 


mA 




V|H 


Input High Voltage 


2.4 






V 




V|L 


Input Low Voltage (All Inputs) 






0.8 


V 




VOH 


Output High Voltage 


2.8 






V 


lO = - 100^A 


Vol 


Output Low Voltage 






0.45 


V 


lO = 1.6 mA 



Table 4. WD1931 AC CHARACTERISTICS 

Ta = 0°Gto +70°C, Vdd = +I2.OV ±0.6V, Vss = OV, Vcc = +5.0 ± 0.25V 



SYMBOL 


CHARACTERISTIC 


MIN. 


TYP 


MAX 


UNITS 


CONDITIONS 


thld 


AO, AT & CS Hold Time 


5 






ns 




TCS 


AO, AT &C5 Width 


495 






ns 




TSET 


AO, AT &C5 Set-Uptime 


240 






ns 




TCYCLE 


Cycle Time 


1000 






ns 




Tmr 


Pulse Width 


450 






ns 




READ 














tre 


RE Width 


250 






ns 




Tdacc 


Data Access from RE 






300 


ns 


CL = 25 pf 


tdoh 


Data Hold from RE 


50 




150 


ns 


CL = 25 pf 


WRITE 














TWE 


WE Width 


250 






ns 




tds 


Data Set-Up Time 


250 






ns 




tdh 


Data Hold Time 


100 






ns 
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DATA 

CONCENTRATOR 



HOST 

PROCESSOR 



LINE PRINTER 



DISK 



CENTRAL PROCESSING BUS 



Fdata- n 

I COMMUNICATIONS | 
SHOWN IN I CONTROLLER 
DETAIL IN i[EXPANDED BELOW]! 
BELOW J ' ""^ 




FACSMILE 



BUY/SELL 
TRANSACTION 
ENTRY TERMINAL 
(CRT) 



REMOTE .STOCK 
TRADING QUOTE 
(CRT) 



ACCOUNTING 
INFORMATION TERMINAL 
(WORD PROCESSOR) 



DATA COMMUNICATIONS SYSTEMS FOR STOCK BROKERAGE FIRM 



CENTRAL PROCESSING BUS 
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DATA COMMUNICATIONS CONTROLLER 



1 



MICRO 
PROCESSOR 



A 



CONTROUDATA/ADDRESS BUS 



PORT 0 



MULTIPROTOCOL 

CUT 
^ (WD1933) 








MODE 


:M ( 


) 



SYNCHRONOUS 
BISYNC 

PROTOCOL ^ 
LINK 



1£ 



PORT 3 



MULTIPROTOCOL 
CUT 
(WD1931) 



ASYNCHRONOUS 

PROTOCOL 

LINK 



MODEM 3 



TO REMOTE 
TERMINAL 



TO REMOTE 

TERMINAL 



DETAIL OF DATA COMMUNICATION CONTROLLER 



^ PORT 7 



MULTIPROTOCOL 
CUT 
(WD1931) 










/lODEM 7 



TTZJ 



TO REMOTE 
TERMINAL 



DIGITAL COMMUNICATIONS SYSTEM 

The diagrams above illustrate a typical digital system 
employing several processing levels and digital 
protocols. It is flexible enough to satisfy several 
applications. For example, the host processor and 
remote terminals could be located respectively in 
airline reservation offices and ticket counters, travel 
centers and travel agencies, central bank offices and 



branch banks, or department stores and individual 
cash registers. The exploded diagram of the Data- 
Communications Controller exemplifies the use of 
one common circuit board design with eight multi- 
protocol circuits. When the Port requires a character- 
oriented protocol (synchronous, asynchronous, or 
synchronous-bisync), the WD1931 is plugged into the 
appropriate socket. For SDLC, HDLC or ADCCP, the 
WD193X is used. 
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Information furnished by Western Digital Corporation Is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for Its use; nor for any Infringements of patents or other rights of third parties which may result from its use. No license is granted by 
Implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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WESTERIM DIGITAL 

CORPORAT/ON 

WD193X 

Synchronous Data Link Controller 



o 



FEATURES 

• HDLC, SDLC, ADCCP AND CCITT X.25 COMPATIBLE 

• SDLC LOOP DATA LINK CAPABILITY 

• FULL OR HALF DUPLEX OPERATION 

• DC TO 2.0 M BITS/SEC DATA RATE 

(» PROGRAMMABLE/AUTOMATIC PCS (CRC) GENERA- 
TION AND CHECKING 

• PROGRAMMABLE NRZI ENCODE/DECODE 
» FULL SET OF MODEM CONTROL SIGNALS 
» DIGITAL PHASE LOCKED LOOP 

• FULLY COMPATIBLE WITH MOST CPU'S 

• MINIMUM CPU OVERHEAD 

9 ASYNCHRONOUS/SYNCHRONOUS MULTI-PROTO- 
COL BOARD CAPABILITY (PIN COMPATIBLE WITH WD 

1931) 

• FULLY TTL COMPATIBLE 

• SINGLE +5V SUPPLY 

• ERROR DETECTION: CRC, UNDERRUN, OVERRUN, 
ABORTED OR INVALID FRAME ERRORS 

• STRAIGHT FORWARD CPU INTERRUPTS 



• PROGRAMMABLE MODEM CONTROL INTERRUPTS 

• DOUBLE BUFFERING OF DATA 

• DMA COMPATABILITY 

• END OF BLOCK OPTION 

• VARIABLE CHARACTER LENGTH (5, 6, 7 OR 8 BITS) 

• RESIDUAL CHARACTER CAPABILITY 

• ADDRESS COMPARE 

• GLOBAL ADDRESS RECOGNITION 

• EXTENDABLE ADDRESS FIELD 

• EXTENDABLE CONTROL FIELD 

• AUTOMATIC ZERO INSERTION AND DELETION 

• MAINTENANCE MODE FOR SELF-TESTING 



APPLICATIONS 

• COMPUTER COMMUNICATIONS 

• TERMINAL COMMUNICATIONS 

• COMPUTER TO MODEM INTERFACING 



(1933) - NC 
(1935) - REOM C 
"EOBC 

~reC 
misc out c 

INTFIQC 
V^C 
DOC 

T5TC 

"D2n 

1)3 C 
154 C 
"D5 ^ 
J)6C 
1)7 C 
MR C 
T5tR C 
OROO C 
DRQI C 
VSS (GND) C 



3VCC ( + 5) 

□ CDO 

□CdT 
3RiO 
3RiT 

URI 

3D§R 

aRTS 

3TC 

31X/325< 

3 gfS 

^NRZl 

3RD 

□ RC 

3td 

3 MISC IN 

3aT 

3M 

□ A2 




rttttttu p 

II 18 1^ is IS 15 la g o g " 



tllttttttttr TfT 



Figure 1. WD193X PIN CONNECTIONS 



Figure 2. WD193X BLOCK DIAGRAM 
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o 

CO 
CO 

X 



LINE CONTROLLERS 
FRONT END COMMUNICATIONS 
NETWORK PROCESSORS 

TELECOMMUNICATION SWITCHING NETWORKS 
MESSAGE SWITCHING 
PACKET SWITCHING 
MULTIPLEXING SYSTEMS 
DATA CONCENTRATOR SYSTEMS 
SDLC LOOP DATA LINK SYSTEMS 
DMA APPLICATIONS 
COMMUNICATION TEST EQUIPMENT 
LOCAL NETWORKS 
MULTIDROP LINE SYSTEMS 

GENERAL DESCRIPTION 

The WD193X is a MOS/LSI microcomputer peripheral de- 
vice which performs the functioning of interfacing a 
parallel digital system to a synchronous serial data com- 
munication channel employing ISO's HDLC, IBM's SDLC or 
ANSI's ADCCP line protocol. These protocols are referred 
to as Bit-Oriented Protocols (BOP). 

The chip is fabricated in N-channel depletion load MOS 
technology and is TTL compatible on all Inputs and out- 
puts. This controller requires a minimum of CPU software 
by supporting a comprehensive frame-level instruction set 
and by hardware implementation of the low level tasks 
associated with frame assembly/disassembly and data in- 
tegrity. It can be programmed to encode/decode NRZI data. 
The internal clock is then derived from the NRZI data using 
a digital phase locked loop. 

The receiver and transmitter logic operates as two total 
independent sections with a minimum of common logic. 
The frames are automatically checked for errors during re- 
ception by verifying correct Frame Check Sequence (PCS). 
In transmit mode, the PCS is automatically generated by 
this controller and sent before the final Flag. It also contin- 
uously checks for other errors. In case of an error, the CPU 
is interrupted. 

The controller recognizes and can generate Flag, Abort, 
Idle and GA characters. WD193X can be used in an SDLC 



SDLC 
WD1933 




M\&6 Out 



Figures. WD193X TYPICAL SYSTEM INTERFACE 



Loop configuration. An End of Block option is supplied to 
minimize CPU time. A full set of modem control signals are 
supplied to minimize external hardware. 

A BRIEF DESCRIPTION OF HDLC, SDLC AND 
ADCCP PROTOCOLS 

The WD193X is compatible with HDLC, SDLC and ADCCP 
standard communication Link Protocols. These are bit-ori- 
ented, code Independent, and ideal for full duplex commu- 
nication. A single communication element is called a FRAME, 
which can be used for both link control and data transfer 
purposes. 

The elements of a frame are the beginning eight bit FLAG 
(F) consisting of one logical " 0," six 1's and a 0, an eight bit 
ADDRESS-FIELD(A), an eight bit CONTROL-FIELD (C), a 
variable (N bits) INFORMATION-FIELD, a sixteen bit FRAME- 
CHECK-SEQUENCE (FCS), and an eight bit end FLAG (F), 
having the same bit-pattern as the beginning flag. 

In HDLC, the address (A) and control (C) characters are 
extendable (more than one character). An important char- 
acteristic of a frame is that its contents are made code trans- 
parent by use of a zero bit insertion and deletion technique. 
Thus, the user can adapt any format or code suitable for his 
system. The frame is bit-oriented, meaning that, bits not 
characters in each field have specific meanings. The Frame 
Check Sequence (FCS) is an error detection scheme similar 
to the Cyclic Redundancy Checkword (CRC) widely used in 
magnetic disk storage devices. The frame format is shown 
in Figure 4. 



Figured W0193X SDLC/HDLC/ADCCP 
FRAME FORMAT 

Where: 

FLAG = 01111110 

Address field — One or more 8-bit characters defining the 
particular station 

Control field — One or two 8-bit characters 

Information field — Any number of bits (may be zero bits) 

Frame Check Sequence — 16-bit error checking field 

The following features are also part of these protocols. 

ZERO INSERTION/ZERO DELETION— Zero insertion/dele- 
tion is performed within the 2 Flags of a frame. If there are 
more than five 1's in a row, a 0 is automatically inserted after 
the fifth 1 and it is deleted upon reception by the receiver. 

FRAME CHECK SEQUENCE (PCS)— A 16 bit cyclic redun- 
dancy check (CRC) calculation is performed during trans- 
mission of the data in between the 2 flags of the frame. The 
CRC is then transmitted after the l-field and before the final 
FLAG. Upon reception the receiver also performs a CRC 
calculation on the incoming data. If there were no transmis- 
sion error, the Receiver CRC equals FOBS (hex). 
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DESCRIPTION OF PIN FUNCTIONS 

The WD193X is packaged in a 40 pin DIP. The following is a functional deschption of each pin. A bar over a signal (SIGNAL), 
means active Low. ^ 
Table 1. DESCRIPTION OF WD193X PIN FUNCTIONS O 



PIN 

NUMBER 


PIN NAME 


SYMBOL 


FUNCTION 


1 


No Connect 


NC 


WD1933 No Connection Allowed 




Received End 
of Message 


REOM 


Received End of Message with no Errors. Output on WD1935. 


2 


End of Block 


EOB 


This input, when low, function as an PCS command. Is independent 
of CS. 


3 


Read Enable 


RE 


This input, when low (and CS is active), gates the content of ad- 
dressed register onto the Data bus. 


4 


Chip Select 


CS 


This input, when low, selects the WD193X for a read or write operation 
to/from the Data bus. 


5 


Misc Output 


MISC OUT 


This output is an extra programmable output signal for the conve- 
nience of the user. Is controlled by the CR10 bit. 


6 


Interrupt 

Request 


INTRQ 


This output is high whenever any of the Interrupt register bits IR7-IR3 
are set. 


7 


Write Enable 


WE 


This input when low (and CS is active), gates the content of the Data 
bus into the addressed register. 


8-15 


Data Bus 


D0-D7 


Bidirectional three-state Data Bus. Bit 7 is MSB. 


16 


Master Reset 


MR 


This Input, when low, initializes all the registers, and forces the 

WniQ'^X Intn an Irllp ($tatn Thn WD1Q3X rpmain idle until a 

VVL/l9w/\ IlliV^ Cll 1 lUIW OLaiC 1 1 VVI^I9vl/\ will Idlldlil IVJIw UIILII O 

command is issued by tlie CPU. 


17 


Data Terminal 
Ready 


DTR 


l\/lodem Controi Signal. This output when iow, indicates to the Data 

rinmmi iniPfltinn Fniiinmont /nr^F\ that thft \A/niQ'^y fparlv/ tn tranQ- 

mit or receive data. 


18 


Data Request 
Output 


DRQO 


This output, when high, indicates that the Transmitter Holding Register 
(THR) is empty and ready to receive a data character from the Data 
bus for a transmit operation. 


19 


Data Request 
Input 


DRQI 


This output, when high, indicates that Receiver Holding Register 
(RHR) contains a newly received data character, available to be read 
onto the Data bus. 


20 


Vss 


Vss 


Ground 


21,22,23 


Address Lines 


A2, AO, A1 


These inputs are used to address the CPU interface registers for read/ 
write operations. 


24 


Misc 
Input 


MISC IN 


This input is an extra input signal for the convenience of the user. The 
state is shown by the SR4 bit. 


25 


Transmitted Data 


TD 


This output transmits the serial data to the Data Communications 
Equipment/Channel . 


26 


Receive Clock 


RC 


This input is used to synchronize the received data. 


27 


Received Data 


RD 


This input receives the serial data from the Data Communication 
Equipment/Channel. 


28 


NRZI 


NRZI 


This input, when low, sets the WD193X in NRZI mode. 


29 


Clear to Send 


CTS 


Modem Control Signal. This input when low, indicates that the DCE 
is ready to accept data from the WD193X. 


30 


DPLL Select 


1X/32X 


This input controls the internal clock. When high (1X clock), the ex- 
ternal clock has the same frequency as the internal clock. When low 
(32X clock), the external clock is 32 times faster than the internal clock 
and the DPLL Logic is enabled. 


31 


Transmit Clock 


TC 


This input is used to synchronize the transmitted data. 



469 



Table 1. DESCRIPTION OF WD193X PIN FUNCTIONS (Continued) 



PIN 

NUMBER 


PIN NAME 


SYMBOL 


FUNCTION 


32 


Request to Send 


RTS 


Modem Control Signal, This output, when low, indicates to the DCE 
that the WD193X is ready to transmit data. 


33 


Data Set Ready 


DSR 


Modem Control Signal. This input, when low, indicates that the DCE 
is ready to receive or transmit data. 


34 


Ring Indicator 


Ri 


Modem Control Signal. This input, when low, indicates a ringing signal 

boino rftPPivAfl on thp mmmiiniratinn nhannol 


35,36 


Ring Indicator 
Interrupt Control 


RiT, RIO 


These inputs are used to program Ring Indicator interrupts 


37,38 


Carrier Detect 
Interrupt Control 


cm, CDo 


These inputs are used to program Carrier Detect Interrupts. 


39 


Carrier Detect 


CD 


Modem Control Signal. This input, when low, indicates there is a car- 
rier signal received by the local DCE from a distant DCE. 


40 


Vcc 


Vcc 


+5VDC 



Table 2. WD193X TERMINOLOGY 



TERMINOLOGY 



TERM 


DEFINITION/DESCRIPTION 


BOP 


Bit-oriented protocols: SDLC, HDLC, and ADCCP 


ABORT 


11111111 (seven or more contiguous 1 's) 


GA 


Go-ahead pattern. 01111111 (O(LSB) followed by seven 1's) 


LSB 


First transmitted bit and first received bit. (Least significant bit) 


MSB 


Last transmitted bit and last received bit. (Most significant bit) 


IDLE 


11111111 11111111 (15 or more contiguous 1's) 


FLAG 


01111110. Starts and ends a Frame. 


A-FIELD 


Address-field in the Frame. Consists of one or more 8-bit characters. Defines the address 
of a particular station. 


C-FIELD 


Control field in the Frame. Consists of one or two 8-bit characters. 


l-FIELD 


Information field in the Frame. Consists of any number of bits. 


FCS 


Frame Check Sequence. A 16-bit error checking field sequence. 


FRAME 


A communication element, consisting of a minimum of 32 bits, and delimited by FLAGS. 


GLOBAL ADDRESS 


An A-field character of eight I s. When this is compared and matched in the Address com- 
parator, the DRQI will be set, indicating a valid address 


RESIDUAL 
CHARACTER 


The last l-field character, consisting of a lesser amount of bits than the other l-field char- 
acters in the Frame. 


DATA SET 


Data Communication Equipment (DCE). May be a modem. 


BIT TIME 


Length in time of a serial data bit. 
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HARDWARE ORGANIZATION 

The WD193X block diagram is illustrated in Figure 2 and 
described below. 

CPU Interface Registers 

All of these registers are addressable and to be read from 
and/or written into by the CPU via the Data bus. Thes e are 
8-bit registers and have to be enabled via Chip Select (CS) 
before any data transfer can be done. 

CONTROL REGISTER 1,2,3 (CR1 , 2, 3) Operations are 
initiated by writing the appropriate commands into these reg- 
isters. CR1 should be programmed last. 

RECEIVER HOLDING REGISTER (RHR) When Data 
Request Input is set (DRQI=1), contains received assem- 
bled character. 

ADDRESS REGISTER (AR) Contains the address of this 
WD193X which is to be compared to the received address 
character (A-fieid). 

INTERRUPT REGISTER (IR) Contains the cause of the 
current interrupt request. 

TRANSMITTER HOLDING REGISTER (THR) Is to be 
loaded with the next in line character to be transmitted, when 
Data Request Output is set (DRQ0=1). 

STATUS REGISTER (SR) Contains the overall status of 
the WD193X plus some information of the last received 
frame. 

Non-Addressable, Internal Registers 

These registers are transparent to the user, but is men- 
tioned in these data sheets to help the understanding of the 
WD193X 

TRANSMITTER REGISTER (TR) This 8-bit register 
functions as a buffer between the THR and the TD output. 
It is loaded from the THR (if Data Command) with the next 
character to be transmitted. A FLAG character may also be 
loaded into this register under program control. This 
character is automatically shifted out to the Transmit Data 
output. When the last bit of the current transmitted char- 
acter has left the TR register, a new character will be loaded 
into this register, setting DRQO (Data command) or INTRO 
(Abort, Flag or FSC command). If at the time when only one 
bit remains left in the TR register, and the THR is not loaded 
or a new command is not programmed (Data command), an 
underrun error will occur. 

RECEIVER REGISTER (RR) The received data is, via 
the Zero-Deletion logic shifted into this B-bit register. The 
data is here assembled to a 5, 6, 7 or 8-bit character length 
and then, under the right conditions, parallel transferred to 
the RHR register. 

FCS RECEIVE REGISTER AND FCS XMIT REGISTER 
The WD193X contains a 16-bit CRC check register (FCS 
REC. REG.) and a 16-bit CRC generation register (FCS XMIT 
REG.). The generating polynomial is: 

G(X) = X'» + X'^ + X= + 1 

The transmitter and receiver initialize the remainder value 
to all ones before CRC accumulation starts. The data is 
multiplied by X^° and is divided by G(X). Inserted O's are not 
included in the accumulation. Under program control, the 
complement called the frame check sequence (FCS) is sent 
with high order bit first. 



Various internal Circuits 

ADDRESS COMPARATOR This 8-bit comparator is used ^ 
to compare the contents of the Address Register with the first Q 
address character of the incoming frame. This feature is en- rt 
abled by a bit in the Command Register. If enabled and there ^ 
is a match, the received frame is valid and DRQIs are gen- X 
erated for every character received (including the A-field). If 
enabled and there is not a match or there is no Global Ad- 
dress, the received frame is discarded. If not enabled, all re- 
ceived frames are valid and DRQIs are generated. 

ZERO INSERTION The transmitted data stream is 
continuously monitored by this logic. A zero is automatically 
inserted following five contiguous 1 bits anywhere between 
the beginning FLAG and the ending FLAG of a frame. The 
insertion of the zero bit thus applies to the contents of the 
Address, Control, Information Data, and the FCS field. 

ZERO DELETION The received data stream is continu- 
ously monitored by this logic. Upon receiving five contiguous 
1 bits, the sixth bit is inspected. If the sixth bit is a 0, it is 
automatically deleted from the data stream. If the sixth bit is 
a 1, the seventh bit inspected; if it is a 0, a FLAG is recog- 
nized; if it is a 1 an ABORT or GO AHEAD is recognized. 

DATA BUS (D7-D0) This is an inverted 8-bit bidirection- 
al data bus. 

SDLC LOOP-MODE CONTROL This logic supervises 
the WD193X running in SDLC Loop mode. It monitors the 
received data for a GO-AHEAD pattern in the case when 
SDLC LOOP MODE bit (CR22) and ACT TRAM bit (CR16) 
are set. When GO-AHEAD pattern is received, this logic sus- 
pends the repeater function and initiates the transmitter func- 
tion. For more details, see functional description of SDLC 
Loop Mode. 

NRZI ENCODER/DECODER When this mode is se- 
lected, the NRZI Encoder encodes the "normal" transmitted 
data to NRZI formatted data and the NRZI Decoder decodes 
the received NRZI data to "normal" data. 

A binary 1 for "normal data" is TD = high. 

A binary 1 for NRZI data is TD = no change. 

A binary 0 for "normal data" is TD = low. 

A binary 0 for NRZI data is TD = change of state. 

COMPUTER INTERFACE CONTROL This logic inter- 
faces the CPU, to the WD193X. It supervises the read and 
write functions to the addressable registers, generates data 
requests and interrupts, decodes and initiates commands, 
monitors the status of WD193X etc. 

MODEM INTERFACE CONTROL This logic interfaces 
and supervises the modem control signals to/from the 
WD193X. It provides both dedicated (EIA Standard) and user 
defined control functions. 

CLOCK CONTROL This logic interfaces the transmit and 
receive clocks to the WD193X . It converts the external clocks 

to the necessary internal clocks. 

FUNCTIONAL DESCRiPTiON 

SDLC Loop lUlode 

The diagram below shows an SDLC Loop Data Link Sys- 
tem. WDIQSXcan be used in any of these stations. 
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Figures. WD193X SDLC LOOP DATA LINK 

Each secondary station is normally a repeater in Receive 
mode. The primary station is the loop controller. Signals sent 
out on the loop by the primary station are relayed from station 
to station, then bacl< to the Primary. Any secondary station 
finding its address in the A-field captures the frame for action 
at that station. All received frames are relayed to the next 
station on the loop. 

If anyone of the secondary stations wants to transmit a 
message, it sets its ACT TRAN bit and waits for a GO- 
AHEAD (GA) pattern. The WD193X recognizes seven or 
more contiguous logical 1's as a GO-AHEAD pattern. Until 
GA pattern is received, this secondary station continues op- 
erating as a repeater. When primary station is done trans- 
mitting, it may send a continuous stream of GA patterns 
down the Loop. This may be accomplished by going Idle. 
When the first in turn secondary station, with the ACT TRAN 
bit set, receives the GA pattern, it suspends the repeater 
function and immediately goes into transmit mode. It trans- 
mits its message and when completed, it resets the ACT 
TRAN bit. This converts the secondary station bacl< to 
repeater mode. The GA-patterns still transmitted by the Pri- 
mary Station, gets relayed down the Loop to the next sec- 
ondary station. The next down-loop secondary station has 
the opportunity to transmit in the same manner. When the 
primary station receives the GA-pattern, ail the secondary 
stations have been able to transmit their messages, and the 



cycle is completed. The Primary Station may then transmit 
or initiate another cycle as described above. As a repeater, 
the transmitted data is delayed by 4 bits (NRZI=5 bits) rel- 
ative to the received data. 

1X/32X Clock Option 

When 1X clocl< is selected, the data rate equals the ex- 
ternal clocl< (receiver and transmitter). 

When 32X clocl< is selected, the external clocl< rate is 32 
times faster than the data rate. 

Digital Phase Locked Loop (DPLL) 

This feature Is particularly useful in NRZI mode and/or 
when asynchronous modem is used. The purpose of the 
DPLL Is to synchronize the Internal 1X clock to the received 
data, thus insuring that this data is sampled in the middle 
of the incoming serial data bit. DPLL is automatically in op- 
eration when 32X clock is selected. 

The DPLL Logic is Initiated at the first received data 
transition in a frame. Corrections, if needed, are then made 
for each received data transition. A 32-counter is used for 
this operation. At the beginning of each frame and at the 
first received data transition, this 32 counter is reset. From 
this time on, the counter increments with one count for 
each external clock pulse. At count 16 the internal 1X clock 
is forced to change state to high (this transition - sam- 
pling time). At count 32, the counter resets itself. This 
forces the internal 1X clock again to change state back to 
low. 

At each received data transition, if the internal clock and 
the received data is out of synchronization, a correction is 
automatically made by ± 1 external clock period. See DPLL 
Timing Diagram in Figure 6. 

End Of Block (EOB) 

This is an FCS command. The main purpose of EOB is to 
allow the user to initiate FCS and FLAG without the need of 
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NOTE 1 . FIRST DATA TRANSfTION (FIRST FUG) SETS THE DPLL COUNTER TO 01. 

NOTE 2. DATA TRANSITION IN BETWEEN HERE, OR NO DATA TRANSITION AT ALL, CAUSES NO CORRECTION OF THE 

DPLL COUNTER, 

NOTE 3. DATA TRANSITION IN BETWEEN HERE, WILL INCREMENT ONE COUNT TO THE DPLL COUNTER (ADD 01 TO 
WHAT IS SHOWN). 

NOTE 4. DATA TRANSITION IN BETWEEN HERE, WILL DECREMENT ONE COUNT TO THE DPLL COUNTER (SUBTRACT 01 
TO WHAT IS SHOWN). 



Figures. WD193X DPLL TIMING DIAGRAM 
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using extra computer time. This is particularly practical in 
DMA applications. At the end of a frame, when the last in- 
formation data character has already been loaded into the 
THR and once again DRQO is set, ei ther a regular FCS com- 
mand is written into CR1 Register, or EOB is to be activated. 
At th e end of FCS, when INTRQ is set (XMIT OPCOM), the 
EOB if activated is to be reset again. 

Serial Data Synchronization 

The serial data is syn chronized by the exter nally sup- 
plied Transmit Clock (fb) and Receive Clock (RC). When 1X 
clock is selected, the falling edge of TC generates new 
transmitted data and the rising edge of RC is used to sam- 
ple the received data. When 32X clock is selected, a 32- 
counter (in the DPLL Logic) is used to synchronize the in- 
ternal clock. At time 0, when the counter is reset to 0, the 
new transmitted data is generated. At time 16 (counter - 
16) the received data is sampled, insuring that sampling is 
done in the middle of the received serial data bit. At count 
32, the counter is reset to 0 again. 

Self Test (Diagnostic) iVIode 

This feature is a programmable Loop back of data, ena- 
bling the user to make a complete test of the WD1933 with 
a minimum of external circuitry. In this mode, transmitted 
data to the TD pin, is internally routed to the received data 
input circuitry, thus allowing a CPU to send a message to 
itself to verify prope r op eratio n of the WD193X. The modem 
control signals DTR and RTS are deactivated (off) to insure 
no int erferen ce to/from the Data Communication Equipment 
(DCE). DSR and CT S are internally activated for proper input 
conditions. TC and RC should be supplied by the same 
source if IX clock is selected. 

Auto Flag 

If this is selected and Data Command is executed, contin- 
uous Flags will be sent between frames. This eliminates the 
need to execute the Flag Command. In DMA applications In 
particular, this is very practical. 

Extended Addressing 

This type of addressing means, that there is more than one 
address character in the A-field. In receive mode, the first 
address character is compared in the Address Comparator 
of the WD193X. The other address character/s is to be com- 
pared by the CPU. The last address character is recognized 
by the fact that the LSB (bit 2°) is a 1 . 



PROGRAMMING 

Controlling Operation ^ 

Prior to initiating data transmission or reception, CON- 2 
TROL REGISTER 1 -3 (CR1 -3) must be loaded with control <0 
information from the CPU. The contents of these registers M 
will configure the WD193X for the user's specific data com- ^ 
munication environment. These registers should be loaded 
during power-on initialization and after a reset operation. 
They can be changed at any time that the respective trans- 
mitter or receiver is deactivated. The CR1 -3 dictate what the 
transmitter will send: the type of character (DATA, ABORT, 
FLAG or FCS), the number of bits per character, and the 
number of bits in the residual character. Similarly, they tell 
the receiver the types of frames to look for: the number of 
bits per l-field character, whether to perform an address com- 
pare, and whether to watch for an extended addre ss. Th e 
Cont r ol R egister also control Data Terminal Ready (DTR), 
Misc Out and the activation of both the transmitter and the 
receiver. For more detailed information, see Register Formats. 

Monitoring Operation 

Monitoring is done by use of the Interrupt Register (IR) and 
Status Register (SR). The IR register indicates when a frame 
is completed (transmitted or received), if there was an error 
and if there is a Data Set Change. It also monitors the states 
of INTRQ, DRQO and DRQI. 

The SR register indicates if an error is recognized by IR, 
what type of error. It also monitors the mode m control 
signal s; Rin g In dicato r Carrier Detect (CD), Data Set 
Ready (DSR) and Misc In. 

Furthermore, the SR register monitors if the Receiver is 
idle, and also if in receive mode If the user has programmed 
the Receiver Character Length to be 8 bits per character, this 
register indicates the number of residual bits received. For 
more detailed information, see Register Formats. 

Read/Write Control Of CPU Interface Registers 

These registers are directly accessible from the CPU bus 

(D7-D0) by a read and/or write operation by the CPU. 

The CPU must jet up the WD193Xj;egister address (A2- 

AO), Chip Select (CS), Write Enable (WE) or Read Enable 

(RE) before each data bus transfer operation^ 

During a write operation, the falling edge of WE will initiate 
a WD193X write cycle. The addressed register will then be 
loaded with the content of the Data Bus (D7-D0). During a 
read operation, the falling edge of RE will initiate a WD193X 
read cycle. The addressed register will then place its content 
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need Transmit Clock (TC) or Receive Clock (RC) to set 
various bits, and are read-only. 

All these registers will get initialized by a Master Reset. A 
read operation of RHR resets tlie DRQI. A write operation 
to THR, resets the DRQO. A read operation of IR, resets IR 
bits 0 and 3-7. A read operation of SR, resets SR bits 0-2. 

For addressing and external clocks needed, see figure 
below. 



cs 


A2 


A1 


AO 


Read 


Write 


External Clock 


L 


H 
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H 


GR1 
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RHR 
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RHR=RC. AR=None 
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L 


H 


H 
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L 


H 


L 
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SR0-3=RC. SR4-7=None. 


H 


X 


X 


X 


X 


X 





L - ViLatpins *2.5 TC clock cycles are required 

H = V|H at pins after a Master Reset to be able to 

X = Don't care read and write. 



REGISTER FORMATS 



Below shows a short form register format. 



BIT »- 




17 


16 


15 


14 


13 


12 


11 


10 






ACT 
REC 


ACT 
TRAN 


TC 
1 


TC 
0 


TCL 
1 


TCL 
0 


DTR 


MISC 
OUT 


CRI 




27 


26 


25 


24 


23 


22 


21 


20 






EXT 
CONTR 


ADDR 
COMP 


EXT 
ADDR 


RCL 
1 


RCL 
0 


LOOP 


SELF 
TEST 


AUTO 
FLAG 


CR2 




37 


36 


35 


34 


33 


32 


31 


30 






UN- 
USED 


UN- 
USED 


UN- 
USED 


UN- 
USED 


UN- 
USED 


TRES 
2 


TRES 
1 


TRES 
0 


CR3 




7 


6 


5 


4 


3 


2 


1 


0 
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7 


6 


5 


4 


3 


2 


1 
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7 
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2 


1 
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ERROR 


REOM 
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1 


XMIT 
OPCOM 

W/ 
NO 
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OPCOM 

W/ 
UNDER 

RUN 


DSC 


DRQI 


DRQO 


INTRO 


IR 




7 


e 


S 


4 


3 


2 


1 
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7 
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1 
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aR 
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T 
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0" 
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Figure 7. WD19JSX BIT ASSIGNMENTS 



onto the Data Bus ( D7-D0). The read/write operation is com- 
pleted, when CS or RE/WE is brought high. 

^ For more detailed information, timing, etc., see Read/Write 

O Timing diagram. 

Jjp For read and write operation, the CR1-3 registers normal- 
Cd ly need no external clock. After reset of CR1-3, TC clock is 
^ required. The AR and THR registers need no external clock, 
and can only be written into. The RHR, IR and SR registers 
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A more detailed description is sliown here of each bit io- 
cation. It should be known, that because the Data Bus Lines 
(D7-D0) has inverted logic, a logic 1 (set) means low state. 
Also, a modem control signal which is inverted (example 
DTR), is in on-state (set) when low. 

Control Register 1 (CR1) 

When initiating a transmit/receive operation, this should be 
the last register programmed. 

Miscellaneous Output (CR10) This bit controls the Mis- 
cellaneou s Output s ignal to the data set. When CR10 is a 
logical 0, Misc Out is off, when it is a logical 1, Misc Out 
is on. 

DTR Com mand (CR11) This bit controls the data Ter- 
minal Re ady (D TR) signal to the data set. Whe n CR1 1 is a 
logical 0, DTR is off. When CR11 is a logic al 1, DTR is on. 
When the Self-Test mode is selected, DTR signal is forced 
to an off state. 

Transmitter Character Length (CR13, 12) These bits 
control the transmitted l-fietd data character length. The 
data character may be 5, 6, 7 or 8 bits long. 







Bits Per 


CR13 (TCL1) 


CR12 (TGLO) 


Character 


0 


0 


8 


0 


1 


7 


1 


0 


6 


1 


1 


5 



Transmitter Commands (CR15, 14) These bits control 
the transmission of DATA (A-field, C-field and l-field), ABORT, 
FLAG, and FCS (PCS plus FLAG). When these commands 
are programmed, the previous command currently still in 
progress, will complete the transmission of its character. 
When this is done, a new character generated by this new 
command, will be transmitted. 

If DATA is programmed, the new character to be trans- 
mitted will be the character loaded (or still to be loaded) in 
the THR register. If ABORT is programmed, the new char- 
acter will be eight logical I's. If FLAG is programmed, the 
new character will be 01111110. If FCS is programmed, three 
new characters will be transmitted; first the 16-bit content of 
the FCS XMIT REGISTER, then a FLAG. One serial data bit 
time ahead of the first bit (LSB) of this new character ( = 
FLAG character when FCS command) being transmitted, the 
CPU is signalled that the WD193X is again ready to receive 
a new command. This signal is an INTRO (XMIT OPCOM), 
if the now current command is ABORT, FLAG or FCS. This 
signal is a DRQO, if the current command is DATA. However, 
in this latter case (DATA), the user has two choices; 1. 
Change the command. 2. Keep the DATA command and 
load a new character into the THR register. For more infor- 
mation, please see the Transmission Timing diagram, Figure 
8. 

Programming, see figure below. 



Activate Transmitter (CR 1 6) This bit when set, enables 
the transmitter and sets RTS signal. If in SDLC Loop Mode 
(CR22 = set), the transmitter waits for a Go-Ahead pattern 
before the transmitter is enabled. 

Activate Receiver (CR 17) This bit when set activates 
the receiver, which begins shifting in frames one character 
at a time into RR register for inspection. 

CONTROL REGISTER 2 (CR2) 

Auto Flag (CR20) When set. Flags (without INTRQs) will 
be continuously transmitted in between frames, when other- 
wise the transmitter would be in idle state. 

Self-Test Mode (CR21) When set, the Transmitter Data 
Output is internally connected to the Receiver Data input 
circuitry. The modem control output signals are deactivated 
(off state). The modem control input signals are internally 
activated. This mode allows off-line diagnostic. 

SDLC Loop Mode (CR22) When set, the WD193X is 
conditioned to operate in an SDLC Loop Data Link system 
(see SDLC Loop Mode). 

Receiver Character Length (CR24, 23) These bits in- 
dicate to the receiver how many bits per character there are 
to assemble for the l-field. The l-field characters may be 5, 
6, 7 or 8 bits long. The unused bits read from RHR will be 
logical 0. 



CR24 


CR23 
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(RCL1) 


(RCLO) 


Character 


0 


0 


8 


0 
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0 


6 


1 


1 


5 



Extended Address (CR25) When set, this bit indicates 
to the receiver that there is more than one address character 
in the A-field. The receiver will expect another address char- 
acter if the LSB in the current address character is a logical 
0. The purpose of this bit: If a non-8-bit l-field character 
length is expected, the DRQIs will get out of synchronization 
if the WD193X does not know exactly when the l-field will 
start. Not used In transmit mode. 

Address Compare (CR26) When set, the first address 
character will be inspected in the Address Comparator. If 
there is a match with the AR register, or if the address com- 
pared is a Global Address (eight I's) the frame is considered 
valid, causing DRQIs to be generated. Othen/vise, the re- 
ceiver does not react, and will continue comparing for a new 
valid address. If not set, all frames are considered valid. 

Extended Control (CR27) When set, indicates that there 
are two control characters per frame. If not set, there is only 
one control character per frame. The purpose of this bit: If 
a non-8-bit l-field character length is to be received, the 
DRQIs will get out of synchronization if the WD193X does 
not know when the l-field will start. Not used in transmit 
mode. 



CR15 (TCI) 


CR14 (TCO) 


Command 


Character/s Transmitted 


Signal to CPU 


0 


0 


DATA 


Content of THR 


DRQO 


0 


1 


ABORT 


1111 1111 


INTRO 


1 


0 


FLAG 


0111 1110 


INTRO 


1 


1 


FCS 


FCS + 01111110 


INTRO 



o 

CO 
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o 

CO 
03 

X 



CR32 


CR31 


CR30 




(TRES 2) 


(TRES 1) 


(TRESO) 


Residual Char. Length 


n 


n 


n 
u 




n 

u 


n 


1 


1 bit 




i 


n 
u 


2 bits 


0 


1 


1 


3 bits 


1 


0 


0 


4 bits 


1 


0 


1 


5 bits 


1 


1 


0 


6 bits 


1 


1 


1 


7 bits 



CONTROL REGISTER (CR3) 

'Transmit Residual Character Length (CR32, 31, 

30) These bits inform the transmitter what bit-length the 
residual character will be. If no residual character is to be 
sent, these bits must be set to logical 0. 

Unused (CR33-37) These bits are not used, and are 
always a logical 0. 

INTERRUPT REGISTER (IR) 

This register contains the information why an interrupt 
(INTRQ) was generated. An IR register read operation, will 
reset bits 0, and 3-7. 

Loading the THR register, will reset DRQO (bit 1). Reading 
the RHR register, will reset DRQI (bit 2). A new interrupt will 
occur if one is pending. 

If a new interrupt is generated while the CPU is reading 
the IR register, this new interrupt will set the respective bit 
in the IR register one bit time later (this to avoid losing any 
interrupt). The status of bits 3-7 will accumulate until the IR 
register is read by CPU. 

INTRQ (IRO) When set, indicates an interrupt and that 
there are one or more bits set in positions 3 through 7 of this 
register. This bit is a mirror image of INTRQ signal (pin 6). 



DRQO (IRI) When set, indicates a Data request output. 
This bit is a mirror image of DRQO signal (pin 18). 

DRQI (IR2) When set, indicates a Data Request input. 
This bit is a mirror image of DRQI signal (pin 19). 

Data Set Change (IRS) When set, indicates a change of 
state of the Data Set ( Data Comm unication Equipment). This 
is a change of state of DSR, CD or Rl. The type of change 
of CD and Rl t hat thi s bit w ill react to, is programmed by use 
of input signals CD1/CD0 and RI1/RI0 and is shown below. 

XMIT Operation Complete with Underrun Error 
(IR4) When set, indicates that the transmitter command 
has been completed and there was an Underrun error. An 
Underrun error occurs when the Data Request Output 
(DRQO) is set, but THR register is not loaded in time. 

XMIT Operation with No Error (IRS) When set, indi- 
cates that the transmitter command has been completed and 
there was no error. 

Received End of Message With Errors (IR6) When set, 
indicates that a Received End of Message is detected, and 
there was an error. Errors include CRC, Overrun, Invalid 
Frame and Aborted Frame. 

The SR Register bits 0-2 will indicate the exact type of 
error. 

Received End Of Message With No Error (IR7) When 
set, indicates that a Received End of Message is detected, 

and there was no error. 















GDI 


CDO 


Interrupting edge of CD 


RI1 


RIO 


Interrupting edge of Rl 


LO 


LO 


Rising and falling 


LO 


LO 


Rising and falling 


LO 


HI 


Falling 


LO 


HI 


Falling 


HI 


LO 


Rising 


HI 


LO 


Rising 


HI 


HI 


None 


HI 


HI 


None 
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STATUS REGISTER (SR) 

This register contains the status of the receiver and some 
modem control signals. It also indicates (if REOM w/Errors) 
exactly what type of errors. If the Receiver Character Length 
ts 8 bits, this register indicates the amount of Residual bits 
that was received. A read operation will reset bits 0-2. 

Received Error/Received Residual Character Length 
(SR 2-0) If REOM w/NO ERROR (IR7) is set, and the 
Receiver, Character Length (CR24, 23) is 8 bits, these bits 
(SR 2-0), indicate the number of residual bits received. 

If REOM WITH ERROR (IR 6) is set, these bits indicate 
tlie type of error that occurred, as shown in figure below. 



Bit Set 


Error 


SRO 


CRC 


SRI 


Overrun 


SR2 


Aborted or 




Invalid frame 



Receiver Idle (SR 3) When set, indicates that the re- 
ceiver is currently IDLE. 

Mis cellaneous Input (SR4) This is a mirror image of 
MISC IN signal. When this signal is set, SR4 bit is set. 

Data Set Ready (SR5) This Is mirror image of DSR sig- 
nal. When this signal is set, SR5 bit is set. 

Carrier Detect (SR6) This is a mirror image of CD signal. 
When this signal is set, SR6 bit is set. _ 

Ring Indicator (SR7) This is a mirror image of Ri signal. 
When this signal is set, SR7 bit is set. 

TRANSMITTER OPERATION 

Prior to this operation, the programmable inputs and the 
transmit mode related register bits need to be programmed 
according to the user's specific data communications envi- 
ronment. The last bit to be set is always the ACT TRAN 

(CR16) bit. 

Before this, the INTRO has to be cleared, which can be 
done by reading the IR register. For more detailed informa- 
tion how to program the WD193X, see Programming. 

As an example of how to program the WD193X, let's as- 
sume a 24-bit information is to be transmitted. The l-field 
would then consist of three 8-bit characters with no residual 
bits. CR3 should then be 00 (Hex). 

If Auto Flag is selected, CR20 has to be set, CR21 and 
CR22 should be logical O's, as this example is no Self-test 
aiid no SDLC Loop Mode. 

Bits CR23-CR27 are for reception only (see Receiver 
Operation), The last register to be programmed is GR1. If 
MISC OUT is not used, this may be ignored. If a modem is 
used, DTR (CR11) is to be set. CR13 and CR12 should be 
logical O's (8-bit char length). CR15 and CR14 should be 
logical O's (Data Command). ACT TRAN (CR16) bit is to be 
set. The ACT REC (CR17) is for recepti on on ly 

The DTR bit, when set, activates the DTR signal, indicating 
to the modem to prepare for communication. When t he mo- 
dem is ready, it sends back a Data Set Ready (DSR) to the 
WD1933. This causes the DSC (IR3) bit to set, which in turn 
activates INTRO. The IR register is now read. Simultane- 
ously, when the ACT TRAN (CR16) bit is set, this activates 
the Request to Send (RTS) signal, instructing the modem to 
enter into transmit mode. When the modem Is ready to trans- 



mit data, it responds by activating the Clear to Send (CTS) 
signal. ^ 
The WD193X is now conditioned to transmit. Now DRQO ^ 
gets set, indicating to the CPU (or DMA) to load the first char- O 
acter (Address) into the THR. When this is done, DRQO will 
reset. As soon as the WD193X is ready to be loaded with the W 
next character to be transmitted, DRQO is again set. When ^ 
the THR register is again loaded with a character, DRQO will 
again reset. 

This same sequence continues until the last l-field char- 
acter to be transmitted is loaded into the THR. If CRC check- 
ing is to be used, the next time when DRQO is set, an PCS 
command has to be programmed. This is accomplished bv 
eithe r setting CR15, 14 to both logical 1's or by activating the 
EOB signal. 

At the end of the FCS being transmitted, INTRO will set 
indicating XMIT Operation Complete. The IR register is to be 
read to find out whether the frame was sent with or without 
error. Also the FCS Command which was used as described 
above has to be changed. If CR15, 14 we re set, these have 
to be reset (to Data Command), or if EOB was activated, this 
signal has to be deactivated. At this same time, the ACT 
TRAN bit is allowed to be reset, causing the TD output to go 
idle after the end Flag is sent. If the ACT TRAN bit is kept 
set, continuous Flags will be sent following the FCS. 

If a new frame is to be sent right after this first frame, only 
one Flag is needed in between frames, meaning the frames 
have one common Flag character. In this case, the second 
frame Address character may be loaded at the same time 
the FCS command is programmed during the first frame. 
Also, the ACT TRAN bit should be kept set in between 
frames. Every time DRQO gets set, the user must load the 
THR register before the last loaded character only has 1 .5 
bits left to be transmitted. In other words, when DRQO gets 
set, the user may wait (if 8-bit characters) up to 7.5 serial 
data bits before loading the THR. If THR is not loaded within 
this time, an Underrun error will occur. 

If Auto Flag is not selected (CR20 = logical 0) the sequence 
will be a little different than described below. When the first 
DRQO is set, and after the Address character is loaded into 
THR, a Flag command is also programmed (CR15, 14 = 10). 

This will set an interrupt (INTRQ), which indicates that the 
IR register must be read. Now, the Data Command is repro- 
grammed (CR15, 14 =00). 

For more information, see Transmission Timing diagram. 

ABORT CONDITIONS 

The function of prematurely terminating a data link is 
called an "Abort." The transmitting station aborts by send- 
ing eight consecutive 1's, Unintentional Abort caused by 
1's in the A-C- or l-field is prevented by zero insertion. Inten- 
tional Abort may be sent by programming an Abort com- 
mand. Abort will also be sent in the case where THR is not 
loaded in time or FCS command is not programmed in time 
( = underrun). This means that afte r the DRQO is set, to 
avoid Abort; THR must be loaded, EOB activated or FCS 
command programmed before there is only 1.5 bits left of 
the last character to be transmitted. 

If this is not done, INTRQ (XMIT OPCOM w/underrun) is 
set and Aborts are transmitted until, either the command is 
changed or the THR is loaded. If in this same case. Auto 
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Flag was programmed, one Abort (with INTRQ) would be 
generated, and thereafter continuous Flags (with no INTRQs) 

^ will be sent. 

O 

RECEIVER OPERATION 

^ Prior to this operation, the programmable inputs and the 
receive mode related register bits have to be programmed 
according to the user's specific data communication environ- 
ment. Also, the INTRQ has to be cleared. The last bit to be 
set is always the ACT REC (CR17) bit. 

For more detailed information how to program the WD193X 
see Programming. As an example, let's assume a 26-bit in- 
formation is to be received, and the l-field is made up by 
8-bit characters. The CR3 register is only for transmit mode, 
and may be ignored here. CR20 and CR 12-16 bits are also 
for transmit mode only, and therefore may also be ignored. 
CR21 and CR22 are to be logical Os (no Self-Test and no 
SDLC Loop Mode). CR24, 23 are to be logical O's (8-bit 
character l-field). If only one A-field and one C-field character 
is expected, and this WD193X has a specific address, CR25 
should be a logical 0, CR26 should be a 1 , and CR27 should 
be a 0. The address to which the A-fieid should compare 
should be loaded into the AR register. 

The status of the modem is monitored by the SR register, 
and it may be useful to read it at this time. CR1 is loaded as 
the last register. CR10 (Misc In) bit is optionable to the user. 
CR1 1 (DTR) is to be set if modem is used. CR1 7 (ACT REC) 
is now set, starting the input of frame characters into the 
Receiver Register (RR). When a Flag is detected, the next 
8-bit character (address-character), when received, is com- 
pared to the character in the AR register. If these match, or 
if the received character is a Global address, this frame is 
valid, and the DRQI gets set. If the Address Comparator 
(CR26) bit is not set, all frames would be considered valid 
and generate DRQIs. When the RHR register is read, DRQI 
will be reset. All characters in a valid frame which are input 
into the RR register will set DRQI, and every time RHR is 
read by the CPU, DRQI will be reset. 

During reception, the receiver also performs a CRC cal- 
culation on the incoming data. When the end Flag is re- 
ceived, INTRQ will get set, indicating Received End of 
Message. If the reception is completed with no error, IR7 
(REOM w/no Error) bit will be set. When B-bit characters are 
received SR 0-2 bits indicate the number of residual bits, in 
this case two. If IR6 (REOM w/Error) was set, SR 0-2 bits 



indicate the type of errors (see Receiver Error Indication). 

When all characters including the A-field and the FCS- 
field are read, and when the REOM interrupt is recognized, 
it is up to the user to disassemble these mentioned charac- 
ters from the received data If non-8-bit characters are re- 
ceived, the amount of residual bits have to be calculated by 
the CPU after masking out the part of the ending Flag 
showing up in the last read character 

After end of frame, the receiver begins searching for a 
new frame. 

For more information, see Reception Timing diagram. 

RECEIVER ERROR INDICATION 

When a frame is received, and REOM w/Error (IR6) is set, 
the type of error is indicated by the SR bits 0-2. 

CRC Error (SRO) If the CRC calculation performed on 
the incoming data does not equal to F0B8 (HEX), this bit will 
be set. 

Overrun Error (SR1) After DRQI is set, if the RHR is not 
read within one character minus one bit time, this bit will be 
set. 

Aborted or Invalid Frame Error (SR2) If the frame is 
aborted, or it consists of less than 32 bits between flags, this 
bit will be set. 

NOTES 

1. TC-command— If two or more contiguous ABORTS or 
FLAGS are executed, the ACT TRAN (CR16) bit has to be 
reset before DATA-command can be executed. 

2. Master Reset (MR)— Needs no clock during activation of 
MR. However, 2.5 clock cycles are required to reset the 
WD193Xafterthe falling edge of MR. 

3. IR-register— Immediately when IR register is read, bit 0 
will reset. Bits 3-7 are reset one bit time later. 

4. SR-register— Bits 0-2 are reset one bit time after SR reg- 
ister is read. 

5. SDLC Loop mode— Go-ahead pattern may be sent by 
either sending IDLE or ABORT after Flag. 

6. TC^and'RC clocks are completely independent of each 
other. 

7. It is recommended to verify that the INTRQ signal (pin 6) 
is set prior to redding the IR register. 
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NOTE 1. CR3 = OOH, CR2 = 01H, CR1 = 02H (FOR THIS EXAMPLE ONLY) 
NOTE 2. WRITE FCS COMMAND, OR ACTIVATE Eg g. 
NOTE 3. WRITE DATA COMMAND, OR DEACTIVATE "SSE. 
NOTE 4. INF. DATA MAY CONSIST OF ANY NUMBER OF BITS. 



Figure 8. WD193X TRANSMISSION TIMING DIAGRAM 
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NOTE 1. AR = 19H, CR2 = 40H, CR1 = 02H (FOR THIS EXAMPLE ONLY) 
NOTE 2. INF. DATA (l-FIELD) MAY CONSIST OF ANY AMOUNT OF BITS. 

NOTE 3. CPU DOES NOT KNOW UNTIL RECEIVED END OF MESSAGE (REOM) THAT THIS IS AN FCS CHARACTER. 



Figure 9. WD193X RECEPTION TIMING DIAGRAM 
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SPECIFICATIONS 



^ ELECTRICAL CHARACTERISTICS 
5 Absolute Maximum Ratings 

^ Storage Temperature 
^ Storage Temperature 

Voltage on any pin 
with respect to GND (Vss) 

Power Dissipation 



-55°C to +125°C (plastic package) 
-65°C to +150°C (ceramic pacl<age) 
-0.3 to +7.0V 

1W 



DC Characteristics 



Ta = O'C to +70° 

Vss = OV, Vcc = +5 ± 0.25V 

Table 3. WD193X DC CHARACTERISTICS 



Symbol 


Parameter 


MIn 


TVP 


Max 


Units 


Conditions 


ILI 


Input Leal<age 






10 


mA 


VI N = Vcc 


ILO 


Output Leakage 






10 


mA 


VOUT - Vcc or Vss 


V|H 


Input High Voltage 


2.4 






V 




V|L 


Input Low Voltage 






0.8 


V 


All Inputs 


VOH 


Output High Voltage 


2.4 






V 


lO = -100(iA 


Vol 


Output Low Voltage 






0.4 


V 


lO - 1.6mA 


Ice 


Supply Current 




70 


210 


ma 





AC Characteristics 

Ta = 0°C to +70° 

Vss = OV, Vcc = +5 ± 0.25V 

Table 4. WD193X AC CHARACTERISTICS 





-00, 


-10 


-01, 


-11 


-02, 


-12 


-03, 


-13 






Symbol 


Parameter 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Units 


Conditions 




READ & WRITE 






















tas 


Address Set-Up 


20 




20 




20 




20 




ns 




tah 


Address Hold 


20 




20 




20 




20 




ns 




tqss 


Chip Select Set-up 


20 




20 




20 




20 




ns 




TCSH 


Chip Select Hold 


20 




20 




20 




20 




ns 






READ 






















tred 


Data Delay from RE 




315 




290 




265 




240 


ns 




tdv 


Data Valid from RE 


0 


140 


0 


140 


0 


140 


0 


140 


ns 




tdrqir 


DRQI Reset Delay 




280 






280 






280 


ns 




TjNTRQF 


INTRQ Reset Delay 




280 




280 




280 




280 


ns 




Tre 


RE Pulse width 


325 




300 




275 




250 




ns 






WRITE 






















tqs 


Data Set-up 


200 




180 




160 




140 




ns 




tdh 


Data Hold 


20 




20 




20 




20 




ns 




tdrqor 


DRQO Reset Delay 




330 




330 




330 




330 


ns 




TWE 


WE Pulse width 


200 




180 




160 




140 










CLOCK 






















1xFc 


1X Clock 




.5 




1.0 




1.5 




2.0 


MHz 


at 50% duty 
























cycle 


32xFc 


32X Clock 




1.0 




1.5 




2.0 




2.5 


MHz 


at 50% duty 
























cycle 




RISE & FALL 






















Tr 


Rise Time 




20 




20 




20 




20 


ns 


See figure 1 




Fall Time 




20 




20 




20 




20 


ns 





NOTE: All A.C. Timing Measurements made at 0.8V and 193X . 
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Figure 10. WD193X READ TIMING DIAGRAM 
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Figure 11. WD193X WRITE TIMING DIAGRAM Figure 12. WD193X RISE AND FALL TIMING DIAGRAM 
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Figure 13. WD193X TRANSMITTER FLOW CHART 
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SET- (SR2) ABORTED 
OR INVALID FRAME 
SET: INTRO & 
REOM W/err 




SET LAST 
CONTROL BYTE 
RECEIVED 



Figure 14. WD193X RECEIVER FLOW CHART 
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ORDERING INFORMATION 



Table 5. WD193X ORDERING INFORMATION 



Part No. 


Loop Mode 


Maximum 
Data Rate 


Temp. Range 


WD193X*-00 


no 


500KBPS 


O'Cto +70''C 


WD193X*-10 


yes 


500KBPS 


0°Cto +70°C 


WD193X*-01 


no 


1.0MBPS 


0°Cto +70°C 


WD193X*-11 


yes 


1.0MBPS 


0°Cto +70°C 


WD193X*-02 


no 


1.5MBPS 


0°Cto +70°C 


WD193X*-12 


yes 


1.5MB PS 


0°Cto +70°C 


WD193X*-03 


no 


2.0MBPS 


0°Cto +70°C 


WD193X*-13 


yes 


2.0MBPS 


O-Cto +70°C 



* Please contact your local Western Digital Sales Representative for package availability and price information. 



See page 725 for ordering Information. 



Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for its use; nor for any infringements of patents or otfier rights of third parties which may result from Its use. No license Is granted by 
Implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 

specifications at anytime without notice. 
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WESTERN DIGITAL 

CORPORAT/ON 

WD1931/WD1933 Compatibility Application Notes 



INTRODUCTION 

The purpose of this document is to provide the reader with 
information about the WD1931 and WD1933 devices, and 
how to tal<e advantage of their compatibiiity. Various appii- 
cations examples are given showing flowcharts and timing 
diagrams. As the devices are designed for use in a very large 
range of applications, many different features are described 
and illustrated for the benefit of the reader. 

For detailed product information such as A.C. and D.C. pa- 
rameters, please refer to the respective data sheets. 

GENERAL DESCRIPTION 

The WD1931 and the WD1933 are MOS/LSI devices which 
interface a parallel digital system to a serial data com- 
munication channel (and vice versa). Both circuits are 
capable of simplex, half duplex, and full duplex operation. 

The WD1931 is designed for character-oriented asynchron- 
ous and/or synchronous (BI-SYNC) protocols. The WD1933 
is designed for bit-oriented SDLC, HDLC and ADCCP pro- 
tocols. The devices are programmable and compatible to 
most 8-bit microcomputers on the market. The pin assign- 
ments of these two devices have been chosen to allow the 
user to implement a one-board multiprotocol design. This 
board may then be used for any of the above mentioned pro- 
tocols, by choosing the proper device (WD1931 or WD1933) 
and connecting some jumpers (see paragraph entitled "Mul- 
tiprotocol Board Design"). The purpose of these circuits are 
to convert parallel data from a computer or terminal to a se- 
rial data stream at one end of a communication channel. At 
the other end of the channel, the data is converted back to 
the original parallel data. 

Serial data communications minimizes the number of physi- 
cal channels required to transfer data and therefore reduces 
the cost to send data between two (or more) distant points. 
A microcomputer could perform the same serial/parallel 
conversion function as these devices, but at much slower 
speeds. However, using the WD1931 and WD1933 devices 
to do this function is much more efficient. This makes the 
computer free to perform other tasks during transmission 



and reception. The only work that the computer is required 
to do is to initialize and write data characters to/from the 
WDIQSI or WD1933. These devices will take care of the 
serialization or deserialization of this data, plus control and 
timing. 

Some control signals on the computer side of the devices are 
needed for read, write, and control purposes. Additional sig- 
nals can also be used for special purposes or modes for the 
convenience of the user. Typically, these other control sig- 
nals are used to enable communication with a modem or 
DOE (Data Communications Equipment). 

Interrupt outputs are provided to inform the microcomputer 
when to retrieve from, or to provide data to the holding reg- 
isters. Also, interrupts can be generated to provide status in- 
formation such as changes in modem control lines, or that 
events such as Transmission Complete or Received End of 
l\^essage have occurred. 

SYSTEM APPLICATIONS 

WD1931/33 may be used in the following applications: 

Switched network 

IVIultipoint network 

Non-switched point to point network 

Simplex, half-duplex, or full duplex 

Asynchronous or synchronous communication 

l\/lessage switching 

Multiplexing systems 

Data concentrator systems 

Loop data link systems 

DMA applications 

Parallel to serial data conversion (and vice versa) 
Local Networks 
Packet Switching 
X.25 

Multidrop line systems 

A typical block diagram of a data link is shown in Figure 1. 
The communication media used could be a direct commu- 
nication channel (such as a leased telephone line), a switched 
telephone line, or one of many other possibilities. Typically 
these applications would require the use of a modem. 
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Figure 1. DATA LINK BLOCK DIAGRAM 
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The applications that these devices could be used in would 
be a combination of the previously mentioned. A modem 
would be needed for long distance communication lines. For 
shorter distance, line drivers/receivers may be sufficient. In 
some very well controlled environments, such as a labora- 
tory, two devices may be connected without line drivers and 
receivers. 

The WD1931 or WD1933 may be connected directly to a mi- 
crocomputer bus, but buffers would normally be recom- 
mended. Figure 2 shows a typical schematic of an interface 



between a Z80 microcomputer and a modem. This is called 
a multiprotocol board, which Is described later in this 
document. 

Some examples of various WD1931/WD1933 systems are 
shown here by use of block diagrams. The station shown in 
Figure 3 consists of a computer or terminal, a multiprotocol 
board, and a modem. A station may consist of only the com- 
puter or terminal, and one WD1931 or WD1933 device. 
Whether the modem, line drivers and receivers, or CPU buff- 
ers are needed depends on the details of the particular de- 
sign situation. 
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Figure 2. WD1931/1933 AND MICROCOMPUTER. (MULTIPROTOCOL BOARD) 
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LOOP DATA LINK SYSTEM 

The Loop Mode is used in SDLC only. A loop data link sys- 
tem consists of one primary station (Loop Controller), and a 
number of secondary stations all functioning normally as re- 
peaters. Figure 4 illustrates a typical Loop Data Link system. 

Any secondary station finding its address in the address field 
captures the frame for action at that station. All received 
frames are relayed to the next station down the loop. 

A secondary station is allowed to suspend the repeater func- 
tion and initiate its transmission when a Go-Ahead pattern is 
received. 



DATA COMMUNICATIONS EXAMPLE NO. 1 

The diagrams below (Figures 5 and 6) illustrate a typical dig- 
ital system employing several processing levels and digital 
communications protocols. It is flexible enough to satisfy 
several applications. For example, the host processor and 
remote terminals could be located in airline reservation of- 
fices and ticket counters, travel centers and travel agencies, 
central bank offices and branch banks, or department stores 
and individual cash registers. The exploded diagram of the 
Data Communications Controller exemplifies the use of one 
common circuit board design with eight multiprotocol cir- 
cuits. When one port requires a character-oriented protocol 
(asynchronous, character oriented synchronous, or bisync), 
the WD1931 is installed into the appropriate socket. For 
SDLC, HDLC or ADCCP, the WD1933 is used. 
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Figure 4. LOOP DATA LINK SYSTEM 
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DATA COMMUNICATIONS EXAMPLE NO. 2 



DATA COMMUNICATIONS EXAMPLE NO. 3 



Figure 7 illustrates a Host Computer that communicates 
through modems to a multiprotocol board. This in tum col- 
lects infonnation from many remote stations through a Data 
Concentrator. 



A simplified HDLC point to point connection is shown in Fig- 
ure 8. In this example, no buffers or line drivers and receivers 
are used. 

Figure 9 represents a more "real world" application with the 

use of modems through a communications channel. 
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Figure 9. HDLC POINT TO POINT WITH MODEM 



WD1931 AND WD1933 TECHNICAL DESCRIPTIONS 

The WD1931 and WD1933 devices have been designed to 
provide a high degree of compatibility and interchangability. 
The pin-outs are similar, and the register operations are soft- 
ware compatible. This feature allows for the use of either de- 
vice in a given socket. 

WD1931 PIN-OUTS AND BLOCK DIAGRAM 

The WD1931 pin assignments and the block diagram are 
shown in Figure 10. 

WD1933 PIN-OUTS AND BLOCK DIAGRAM 

The WD1933 pin assignments and the block diagram are 
shown in Figure 11 . 



SHORT FORM REGISTER FORMAT AND ADDRESSING 

Information concerning operating modes and status condi- 
tions are passed to and from the WD1931 or WD1933 device 
through I/O addressable registers. Each register contains 
eight bits, where each bit represents a specific function and 
has its own mnemonics. 

The state of each bit is represented by a "1" for TRUE and a 
"0" for FALSE. This may or may not correlate to a measur- 
able voltage level at a pin, since some pins are TRUE when 
they are at 0 volts (this is indicated by a bar over the name, 
or a slash immediately proceeding the name). 

The WD1931 registers are shown in Figure 12. Note that 
some bits are affected by the transmit clock (TC) rate or the 
receive clock (RC) rate. 

The WD1933 registers are shown in Figure 13. Note that 
some bits are affected by the transmit clock (fC) rate or the 
receive clock (RC) rate. 
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MULTIPROTOCOL BOARD DESIGN 

The WD1931 and WD1933 pin assignments were cliosen so 
that a circuit board designer may use only one 40-pin socket, 
but have the choice of using either device on that board. De- 
pending on the application, a few jumper wires may be 
needed, or perhaps none at all. Figure 2 shows a typical ex- 
ample of a multiprotocol board. This board may be designed 
with even less components and jumpers, dependent on the 
particular application it is intended for. 

Jumpers 1A-7A are to be connected when WD1933 and all 
Its options are used. Jumpers 1B-7B are to be connected 
when WD 1931 and all its options are used. 

For example, if the user does not need the NRZi signal 
mode, the 1X clock is only used, no Ring or Carrier Detect 
indication is needed, TBOC, RSCLK and IVIISC IN are not 
used, and then no jumpers are needed in the design. In this 
case, pin 24 may be permanently connected to +12V. Pins 



28 and 30 may be connected to +5V via a 10K resistor, and 
pins 35 through 38 may be connected directly to +5V. 

TRANSMISSION EXAMPLE 1 (ONE FRAME) 

A typical sequence of events is shown here to transmit a 
message from computer A to another computer (or ter- 
minal) B through a switched network. The message to be 
sent is a synchronous SDLC protocol frame as shown 
below in Figure 14. For simplicity, the message sent in this 
example is very straightforward and short. 

Line drivers and receivers are used, permitting transmission 
to a remote DCE or modem (see schematic in Figure 2). As 
the SDLC frame is sent, the WD1933 is used. The jumpers 
required are 1A-7A. Figure 15 illustrates the functional flow, 
and Figure 16 details the timing of the transmitted frame. 
Note that the device can be programmed in several different 
ways to allow for various requirements. 
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WD1933 TRANSMISSION EXAMPLE 2 
(DMA APPLICATION) 

The WD1933 is very efficient for DMA applications. The 
control registers are loaded to initiate the WD1933 for DMA 
mode in the same way as in Transmission Example 1. The 
Auto Flag bit Is set, and the Transmitter Command Is 
"DATA" (CR14 and CR15 bits = 00). The procedure to set 
up the llnl< (Initiate transmit mode and data set ready) Is the 
same as In Transmission Example 1. When INTRQ is set 
and the Transmitter Is activated, the DMA Controller Board 
takes over the control. From this time on, the DMA Con- 
troller Board responds on every DRQO (Data Request Out). 
When the last character Is transmitted and the INTRQ Is 
received, the control is switched bacit over to the CPU. 



A very important feature of the WD1933 is the BOB (End of 
Block) input, instead of using the normal (time-consuming) 
method of writing into a con trol r egister to start the FCS 
(Frame Check Sequence), the EOB input is a ctivat ed at this 
time. At the next occurrence of INTRQ, the EOB signal is 
deactivated. 

An example of a schematic/block diagram is shown in 
Figure 17, and a timing diagram Is shown in Figures 18 
through 20. 
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Figure 19. DMA TIMING OF MIDDLE FRAMES 



CONTR. I INF DATA 



JTJ LT" 



JL 



T 



I 1 



Figure 20. DMA TIMING OF LAST FRAME 



500 



WD1933 RECEPTION EXAMPLE 1 

A sequence of events is shown in illustrating how to receive 
a message with the WD1933 device. For simplicity, the same 
SjDLC frame structure is used as in Transmission Example 
1 . Also, please refer to the same interface circuitry shown In 
F'igure 2. 

F-lgure 21 illustrates the functional flow, and Figure 22 con- 
tains the timing information. 

WD1933 RECEPTION EXAMPLE 2 

This example shows a frame with two ADDRESS characters, 
two CONTROL characters, one 5-bit INFORMATION DATA 



character, and two residual bits. This example may not be a 
typical frame, but it shows how the WD1933 works in a wide 
range of frame structures. 

The first FLAG and FCS are not shown in detail, and are not 
critical to this example. 

Figure 23 illustrates the functional flow, and Figure 24 con- 
tains the timing information. 

WD1933 LOOP DATA LINK EXAMPLE 

This example shows how to program a secondary station 
to function In SDLG Loop mode. The functional flow is 
Illustrated In Figure 25, and the Interface circuit is shown in 
Figure 2. 
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Figure 21. FLOW DIAGRAM OF FRAME RECEPTION 
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Figure 23. FLOW DIAGRAM OF FRAME RECEPTION (EXAMPLE NO. 2) 
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Figure 23. FLOW DIAGRAM OF FRAME RECEPTION 
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Figure 24. TIMING DIAGRAM OF FRAME RECEPTION (EXAMPLE NO. 2) 
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Figure 25. FLOW DIAGRAM OF SDLC LOOP MODE OPERATION 
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TRANSMISSION" 
REQUEST \/ 



ACTIVATE TRANSMITTER 



Q ST^RT ^ 



CR1 = 1100 0010 



Q WAIT ^ 



(SECONDARY STATION IS STILL FUNCTIONING AS A REPEATER, 
RECEIVING DATA WHEN ADDRESSED, BUT IT IS NOW ALSO 
WAITING FOR A GO-AHEAD PATTERN FROM PRIMARY 
STATION TO BE ALLOWED TO TRANSMIT) 

RECEIVE DATA (ACT TRAN BIT - 1) OR XMIT DATA (GA IS RECEIVED) 



^ INTERRUPT^ 



READ IR 
ENABLE 
INTERRUPT 



[ WAIT ) 







(REOM 
ERROR) 



READ SR REG. 
BITS 0-2 
TO FIND 
OUT WHAT 
TYPE OF 

REOM ERROR 



"XT 

Q END ^ 




SAVE RESIDUAL 
BITS, BUT 

MASK OUT THE 
OTHERS IN 
LAST CHAR. 

NOT REMOVED 



^ END ^ 



CONCLUSION 



Figure 25. FLOW DIAGRAM OF SDLC LOOP MODE 
APPENDIX 



The WD1931 and WD1933 devices are higlily com- 
patible, wliich allows tlie design of a multiprotocol 
communications board. Tliis compatibility allows the 
use of asynchronous, character oriented synchronous, 
and bit oriented synchronous communications proto- 
cols with the same 40 pin socket. 



RELATED DOCUMENTS 

WD1931 Datasheet, Western Digital Corporation 
WD1933 Datasheet, Western Digital Corporation 



See page 725 for ordering information. 



Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for Its use; nor for any Infringements of patents or other rights of third parties which may result from Its use. No license Is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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Printed in USA 



WESTERiy DIGITAL 

CORPORATION 

WD1993 Arinc 429 Receiver/Transmitter 
and Multi-Character Receiver/Transmitter 



FEATURES 

PRESENT UPON MASTER RESET FOR ARINC 429 
PROTOCOL 

PROGRAMMABLE WORD LENGTH FROM 1 CHAR- 
ACTER TO 8 CHARACTERS 

PROGRAMMABLE CHARACTER LENGTH, 5, 6, 7, 
OR 8 BITS 

RETURN TO ZERO (RZ) OUTPUT 
AUTO SPACE GENERATION 

DOUBLE BUFFERED RECEIVER AND TRANSMITTER 
UNDERRUN ERROR DETECTION FOR TRANS- 
MISSION 

OVERRUN, FRAMING AND PARITY ERROR DETEC- 
TION ON RECEIVER 

WORD ERROR FLAG FOR COMPREHENSIVE 
ERROR REPORTING 

FIRST CHARACTER OF WORD FLAG FOR SINGLE 
INTERRUPT APPLICATIONS 
DIAGNOSTIC LOCAL LOOP-BACK TEST MODE 
DC TO 200 KILOBITS PER SECOND OPERATION 
TTL COMPATIBLE INPUTS AND OUTPUTS 



• SINGLE -f 5 VOLT SUPPLY 

• TEMPERATURE RANGES CC to 70°C, — 1993-03, 
-40°C to ■t-85°C — 1993-02, -55°C to -H25"'C — 
1993-01 

INTRODUCTION 

The Western Digital WD1993 Avionic Receiver/Transmitter 
is designed to handle digital data transmission, according to 
the Avionic Arinc 429 protocol. Also, the word length is pro- 
grammable from one to eight characters of 5, 6, 7, or 8 bits. 
Parallel data is converted into a serial data stream during 
transmission and serial to parallel during reception. The 
WD1993 is packaged in a 28 pin plastic or ceramic package 
and is available in three temperature ranges: Commercial, 
Industrial and Military. 

GENERAL DESCRIPTION 

The WD1993 is a bus-orientated MOS/LSI device designed 
to provide the Avionics Arinc 429 Data Communication Pro- 
tocol, along with programmable character length capabilities. 

Also, the WD1993 contains a local loop-back test mode of 
operation, which is controlled by the Loop Test Enable (LTE) 
bit in the command register. In this diagnostic mode, the 
transmitter output is "looped-back" into the receiver input. 
The REN and TEN control bits must also be active ("1") and 
the CTS input must be low. The status and output flags op- 
erate normally. 



g 

CO 
CO 
CO 











vss C 


1 


28 


□ re 


WEF C 


2 


27 




CT5C 


3 


26 




TXCC 


4 


25 


□ WE 


N.C.Q; 


* WD1993 
6 


24 


I|d7 


MR C 


23 


I] D6 


txeC 


7 


22 


□ D5 


RXRDY C 


8 


21 


□ D4 


TXRDY C 


9 


20 


□ D3 


TXDO C 


10 


19 


ZI D2 


TXD1 □ 


11 


18 


□ D1 


RXC C 


12 


17 


□ DO 


FOR E 


13 


16 


D RXD1 


RXDO Q 


14 


15 


□ VCC 











Figure 1 PIN DIAGRAM 



5 



U U ^732 



2: 



DC WtC 



Figure 2 WD1993 BLOCK DIAGRAM 
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PIN NO. 


SYMBOL 


SIGNAL NAME 


FUNCTION 


1 


vss 


GROUND 


Ground 


2 


WEF 


WORD ERROR 

CI 


This pin is an output, which when active indicates an error 
in either the transmitter or receiver has been detected. It 
refiects an underrun, overrun, parity or franning (receive 
word) error and is intended as an error interrupt. The 
Status Register should be read to deternnine the specific 
error. 


3 


CTS 


GLEAR-TO-SEND 


This Input is activated (V|l) to enable the transmitter 
logic. 


4 


TXC 


TRANSMIT CLOCK 


This input is the source clock for transmission. The data 
rate is a function of this clocl< frequency. 
ARINC MODE = 4 x bit rate 


5 


N.C. 




No Internal Connection 


6 


MR 


MASTER RESET 


When active (V|h), presets the WD1993 mode and 
command registers to the ARINC protocol. Master Reset 
aiso resets the data registers and places the WD1993 
transmitter and receiver into idle states. After MR, the 
command register is set to 00100101 and the mode 
register Is set to GD1 1 1 100. 


7 


TXE 


TRANSMITTER 
EMPTY 


This output goes high to Indicate the end of a transmit 
operation. TXE Is automatically reset after the Transmit 
Holding Register is loaded. 


8 


RXRDY 


RECEIVER READY 


This output, when high, alerts the CPU that the Receiver 
Holding Register contains a data character that is ready 
to be input. This output is automatically reset whenever a 
character is read from the WD1993. RXRDY is enabled 
unless inhibited by setting command bit CR3 (RXRDYIN) 
to a logic "1." It is automatically enabled again after a 
receive sequence is completed. 


Q 


TYRDV 


TRAM'iMITTFP 

READY 


1 iilo UuipUl, Wtlt;li iliyii, ctlcilo lilt; wrU UldL UlU llullollnl 

Holding Register is ready to accept a data character. The 
TXRDY output is automatically reset whenever a charac- 
ter is written into the WD1993 and can be used as an 
interrupt to the system. 


10 


TXDO 


TRANSMIT DATA 
ZERO 


This output drives the V/Z circuit when a logic zero is to 
be transmitted and Is active for one-half bit time. 


11 


TXD1 


TRANSMIT DATA 
ONE 


This output drives the V/Z circuit when a logic one is to be 
transmitted and is active for one'half bit time. 
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PIN NO. 


SYMBOL 


SIGNAL NAME 


FUNCTION 


12 


RXC 


RECEIVE CLOCK 


This Input is the source clock for reception. The data rate 
characteristics are the same as the transmit clocl<. 


13 


FCR 


FIRST CHARACTER 
READY 


This output goes high after the receiver has completed 
reception of the first character in a muiti-character 
sequence. 


14 


RXDO 


RECEIVE DATA ZERO 


RXDO is driven by the line V/Z receiver circuit. When the 
V/Z circuit detects a logic zero, a TTL logic one (active for 
one-half bit time) Is provided to the WD1993. 


15 


VCC 


POWER SUPPLY 


+ 5VDC 


16 


RXD1 


RECEIVE DATA ONE 


The RXD1 input is driven by the V/Z line receiver. Each 
time the V/Z circuit detects a logic one, a TTL level logic 
one (active for one-half bit time) is provided to this input. 


17 
18 
19 
20 
21 
22 
23 
24 


DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 


DATA BUS 


This is the bi-directional data bus. it is the means of 
communication between the WD1993 and the CPU. 
Control, Mode, Data and Status Registers are accessed 
via this bus. 


25 


WE 


WRITE ENABLE 


When active (V|l), allows the CPU to write into the 
selected register. 


26 


CS 


CHIP SELECT 


When active (V|l), the device is selected. This enables 
communication between the WD1993 and a micro- 
processor 






OUIN 1 nUL/ UA 1 A 


This input is used in conjunction with an active read or 
write operation to determine register access via the DATA 
BUS. 


28 


RE 


READ ENABLE 


When active (V|l), allows the CPU to read data or status 
information from the WD1993. 
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ORGANIZATION 

A block diagram of the WD1993 is sliown in figure 2. 

^ As mentioned, tlie WD1993 is an eight bit bus-oriented 
g device. Communication between the WD 1993 and the con- 
trolling CPU occurs via the 8 bit data bus through the bus 
transceivers. There are 2 accessible data registers, which 
buffer transmit and receive data. They are the Transmit Hold- 
ing Register and the Receive Holding Register. There is a 
parallel-to-serial shift register (parallel in-serial out), the 
transmit register and a serial-to-parallel shift register (serial 
in-parallel out), the receive register. 

Operational control and monitoring of the WD1993 is per- 
formed by two control registers (the command instruction 
register and the mode instruction register) and the status 
register. 

A read/write control circuit allows programming/monitoring 
or loading/reading of data in the control, status or holding 
registers by activating the appropriate control lines: Chip Se- 
lect (C§), Read Enable (RE), Write Enable (Wg),and Control 
or Data Select (C/D). 

Internal control of the WD1993 is by means of two internal 
microcontrollers; one for transmit and one for receive. The 
control registers, null detect logic and various counters, 
provide inputs to the microcontrollers which generate the 
necessary control signals to send and receive serial data ac- 
cording to the Arinc 429-1 protocol, along with the program- 
mable multicharacter capabilities. 



OPERATION 

Upon master reset (MR), the device is programmed to trans- 
mit and receive four 8-bit contiguous characters with the 
32nd bit odd parity. (ARINC protocol.) 

A minimum four bit time space is automatically inserted after 
the character transmission. Two receiver inputs, RXD1/RXD0 
and two transmitter outputs, TXD1/TXD0, are provided to in- 
terface with voltage — impedance (V/Z) circuits to translate 
± 10 volt ARINC line levels to 5 volt TTL logic levels. The 
transmit clock (TXC) and receive clock (RXC), in ARINC 
mode, are four times (4X) the bit rate desired. 

The receiver monitors the received data input to detect a four 
bit time null, which delimits the word. If the communications 
link is broken during a word reception, the receiver will gen- 
erate a word error flag to (WEF) to notify the CPU to request 
retransmission. When a null is detected, the receiver logic is 
reset and returned to an idle state awaiting the next word. 

The WD1 993 may also be programmed to support a multiple 
character word consisting of from one to eight characters. 
Also, the character length is programmable from 5 to 8 bits, 
and the parity bit if parity is used, may be either inside or out- 
side the word. 



The Command Register is used to select features such as 
parity options, loop test capability, RXRDY flag enabling, 
transmitter and receiver enabling, and may also cause the 
WD1993 to return to the Mode instruction. 

The Mode Register is used to select features such as bits/ 
character and characters/word. 

The Status Register contains information such as Transmit- 
ter Ready, Transmitter Empty, Receiver Ready, error condi- 
tions, and First Character Ready. 



OPERATING DESCRIPTION 

The WD1993 is primarily designed to operate in an 8 bit 
micro-processor environment, although other control logic 
schemes are easily implemented. The DATA BUS and the In- 
terface Control Signals (CS, RE, WE and C/D) should be 
connected to the microprocessor's data bus and system con- 
trol bus. 

The appropriate TXC and RXC clock frequencies should be 
selected for the particular application, using a programmable 
baud rate generator such as a BR1 941 . A master reset pulse 
initializes the WD1993 and presets the control registers to 
the ARINC protocol. 

The RXD1/RXD0 inputs are interfaced to the DITS data line 
via external level translators that provide TTL (5V) logic lev- 
els to the WD1993. The TXD1/TXD0 outputs are connected 
to high voltage (± 10V) driver circuits. Figures 16 and 17 
show some typical ± 10V translator and driver circuits. 

The TXRDY, RXRDY, FCR and WEF Flags may be con- 
nected to the microprocessor system as interrupt inputs. The 
status register can be periodically read In a polled environ- 
ment to support WD1993 operations. 

The CTS input can be used to synchronize the transmitter to 
external events. 

The WD1993 is designed such that a control register write 
operation accesses the command instruction register. 

The RXRDYIN bit of the command register is used to inhibit 
the RXRDY output pin for ARINC operations. 



MULTI-CHARACTER OPERATIONS 

As discussed above, the WD1993 is equipped with a multi- 
character option which provides the user with the means of 
transmitting and receiving multiple contiguous characters 
of data within one set of delimiters— 4 bit nulls for ARINC 
429. Since the WD1993 is an 8 bit bus-oriented device, the 
controlling processor must read the WD1993 data from its 
holding register before the subsequent characters are as- 
sembled. This situation also exists on the transmit side, i.e., 
the Transmit Holding Register must be loaded before the 
previous 8 bits are completely shifted out of the transmit 
register. 
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Several "flags" are provided for interrupt purposes so that 
continuity is maintained and data integrity is preserved. 
These flags are First Character Ready (FCR), Receiver Ready 
(RXRDY), Transmitter Ready (TXRDY) and Transmitter 
Empty (TXE). 

The Transmitter operates as follows: 

a) With the mode and command registers programmed 
as desired, the transmitter is enabled, TEN (CRO) = 
"1". 

b) The TXE and TXRDY flags are "1" (active). 

c) The external CTS signal = "0". 

d) The CPU loads data into the Transmitter Holding Reg- 
ister, TXE and TXRDY go Low. 

e) The data is loaded into the transmit register and TXRDY 
goes high. This indicates the first data word is being 
sent and a character can be loaded into the holding 
register. If the WD1993 is programmed for more than 
one character (multi-character) then an underrun error 
will be generated if the next character is not loaded be- 
fore the previous word is completely shifted out, unless 
the current character is the last character in a sequence. 

f) If the last character is transmitted and no more new 
data is to be sent, the transmitter will indicate its status 
by raising the TXE flag. (No error is generated as a re- 
sult of this condition.) 

The Receiver operates similarly: 

a) With the control registers suitably programmed, the re- 
ceiver is enabled, REN (CR2) = "1". 

b) The RXRDY and FCR flags are "0". (Inactive). 

c) The incoming data word activates the receive logic and 
the data begins to be assembled in the receive register. 

d) When the first character is completely assembled, the 
data is loaded into the Receive Holding Register, the 
FCR (First Character Ready) and RXRDY (Receiver 
Ready) flags become active, "1". The CPU should 
read the data prior to the reception of the next charac- 
ter or an overrun error will be generated as the receiver 
will overwrite the old data with the new data character 
just received. 

The exception to this is in the ARINC mode, where the 
first character in the ARINC protocol contains a label. 
The FCR and RXRDY Flags become active to indicate 
the reception of the first character of data. The CPU 
reads the first character and decides whether or not it 
wants to acquire the subsequent characters. If not, 
then the CPU performs a "control write" to the COM- 
MAND REGISTER, setting the RXRDYIN (CR3) bit to 
a "1". This bit in ARINC mode, inhibits the RXRDY flag 
from interrupting the CPU during the reception of the 3 
remaining characters. The RXRDYIN bit is then auto- 
matically reset upon completion of the receive se- 
quence and RXRDY is enabled again. 



LOOP TEST MODE 

As mentioned, the WD1993 is equipped with a diagnostic 

test mode, local loop-back. This mode is activated by setting q 

the LTE co mman d bit to a "1 ". The TEN and REN bits should 

be "1 " and CTS should be "V|l". The receiver Inputs are ig- ^ 

nored and the transmitter outputs are sending nulls. The CO 

transmitter Is Internally "looped-back" to the receiver and the 

error and status flags operate normally. 

For basic testing, failing to reload the Transmit Holding Reg- 
ister In the middle of a data send sequence will cause an un- 
derrun error in the transmitter and a word error in the re- 
ceiver. Failure to read the Receive Holding Register after a 
FCR or RXRDY flag will cause an overrun error to be 
generated. 

For Loop-Back test operations, the user should be sure that 
the TXC and RXC clock frequencies are the same. This is 
normally implemented by placing the same clock signal on 
both pins (TXC and RXC). 

ARINC BACKGROUND 

Aeronautical Radio Inc. (ARINC) publishes the ARINC 429 
specification. This document defines the air transport indus- 
tries standards for the transfer of digital data between avion- 
ics systems elements. This specification was adopted by The 
Airlines Electronic Engineering Committee April 11, 1978. By 
the adoption of this specification the foundation is set for a 
standard protocol governing all intersystems equipment (Line 
Replaceable Units). 

MARK 33 DIGITAL INFORMATION TRANSFER 
SYSTEM (DITS) 

Basic Philosophy 

Transmit from a designated output port over a single 
twisted and shielded pair of wires to designated receiver. 

Bidirectional data flow not pemnitted on a given pair. 

Data Transfer 
Numeric 
Iso Alphabet #5 
Graphic 

Data Format 

32 bits or less (unused bit positions should be filled with 
binary zeros or valid data pad bits). 

Bit #32 Is assigned to parity. 
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o 

CO 
CO 
CO 



Modulation 

Return to Zero (RZ) 

Transmit Voltage Levels 
high +10 



null 
low 



0 
10 



±0.5V 
±0.5V 
±0.5V 



Receiver Voltage Levels: 
(in absence 
of noise) 
high +6.0V to +10V 
low -6.0V to +10V 



(noisy 
environment) 
+ 5.0V to +13V 
-5.0V to -13V 



Data Rate 

100 kilo bit per second ± 1% 

Low speed 12 to 14.5 kilo bit per second ± 1% 
Word Synchronization 

All zero gap of a minimum of 4 bit times 



No damage to receiver up to 20 vac rms between A & 
B; +28, A to Gnd; -28, B to Gnd. 

REGISTER DEFINITIONS 

The format and definition of the Command Register is shown below: 



CR7 


CR6 


CR5 


CR4 


CR3 


CR2 


CR1 


CRO 



EPS 



IR 



PEN 



LTE RXRDYIN 



REN 



PIA 



TEN 



TEN Transmit ENabie 

1 Enabled 

0 Disabled 

PIA Parity Inside or After 

1 After the data word 

0 Inside (the last data bit) of word 

REN Receive ENabie 

1 Enabled 

0 Disabled 

RXRDYIN RXRDY Inhibit 

1 Inhibit RXRDY output flag 

0 Normal transmitter ooeration 

enable RXRDY output flag 

LTE Loop Test ENabie 

1 Local loop-back mode 

0 Normal Operation 

PEN Parity ENabie 

1 Enabled 

0 Disabled 

IR Internal Reset 

1 Returns WD1993 to mode instruction 

0 format 

EPS Even Parity Select 

1 Even parity 
0 Odd parity 
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The format and definition of tfie Mode Register is shown below: 



MR7 


IVIR6 


MRS 


MR4 


MR3 


MR2 


MR1 


MRO 



o 

(O 
CO 
CO 



N3 



N2 



N1 



CLS2 CLS1 



CLS2 CLS1 Character Length Select 

0 0 5 bits 

0 1 6 bits 

1 0 7 bits 
1 1 8 bits 



N3 


N2 


N1 


Characters Per Word Select 


0 


0 


0 


1 character 


0 


0 


1 


2 characters 


0 


1 


0 


3 characters 


0 


1 


1 


4 characters 


1 


0 


0 


5 characters 


1 


0 


1 


6 characters 


1 


1 


0 


7 characters 


1 


1 


1 


8 characters 



The WD1993 registers are addressed according to the following table: 













cs 


C/D 


RE 


WE 


Registers Selected 


L 


L 


L 


H 


Read Receive Holding Register 


L 


L 


H 


L 


Write Transmit Holding Register 


L 


H 


L 


H 


Read Status Register 


L 


H 


H 


L 


Write Control Registers 


H 


X 


X 


X 


Data Bus Tri-Stated 



L = V(Lat pins 
H = V|H at pins 
X = don't care 
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The format of the Status Register is shown below: 



D 

CD 
CO 
CO 



SR7 


SR6 


SR5 


SR4 


SR3 


SR2 


SR1 


SRO 



UE 



FCR 



WEF 



OE 



PE 



TXE RXRDY TXRDY 



TXRDY Transmlttor Ready 

1 Active (Tt-IR can be reloaded) 

0 Inactive (transmitter is busy) 

RXRDY Receiver Ready 

1 Active (RHR should be read) 

0 Inactive 

TXE Transmitter Empty 

1 Transmitter idle 

0 Transmitter active 

PE Parity Error 

1 Error reported 

0 No error 

OE Overrun Error 

1 RHR has been ovenwritten 

0 No error 

WEF Word Error Flag 

1 Indicates improper receive sequence (word error), 
overrun error, parity error, framing error or underrun 
error. 

0 No error 

FCR First Character Ready 

1 This bit indicates the receiver has just completed as- 
sembly of the 1st character in a multi-character se- 
quence and that the data is contained in the RHR. 
First character not ready. 

0 

UE Underrun Error 

1 Indicates that the THR has not been loaded with a new 

character in time for a contiguous data transmission 
sequence. 

0 No error 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature _ 550c to + 1 25°C (Plastic Package) 
-eS'C to +150°C (Ceramic Pacl<age) 
Voltage on any Pin with Respect to Ground . . -0.3V to +7V 
Power Dissipation 400 MW 

Note: Absolute maximum ratings indicate limits beyond 
which permanent damage may occur. Continuous 
operation at these limits is not intended and should 
be limited to those conditions specified under DC 
Electrical Characteristics. 



DC ELECTRICAL CHARACTERISTICS 

Ta= 0°Cto +70°C; Vcc = ^.OV ± 5%;GND = OV 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


TEST CONDITIONS 


V|L 


Input Low Voltage 


-0.3 




0.8 


V 




V|H 

Vol 

VoH 

'dl 


Input High Voltage 
Output Low Voltage 
Output High Voltage 
Data Bus Leakage 


2.0 
2.4 




Vcc 

0.45 

50 

10 


V 
V 
V 
uA 
uA 


Iql = 1.6mA 

Iqh = -100jU.A 

Data Bus is in 
High Impedence 
State 


||l 
'cc 


Input Leakage 
Power Supply Current 




45 


10 
80 


uA 
mA 


V|N = Vcc 
Vcc = 5.25V 
No Load 



CAPACITANCE 

Ta = 25°C; Vcc = GND = 0V 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


TEST CONDITIONS 


C|N 


Input Capacitance 






10 


PF 


fc = 1MHz 


C|/0 


I/O Capacitance 






20 


PF 


Unmeasured pins 
returned to GND 



+20 




-100 -50 0 + 50 +100 
A CAPACITANCE (pF) 
Figure 3 OUTPUT DELAY V8 CAPACITANCE 
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A.C. TIMING PARAMETERS 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


TEST CONDITIONS 


BUS PARAMETERS 










Read Cycle (Reference Figure 6) 












Address Stable before RE, (CS, C/D) 


ou 








tRA 


Address Hold Time for RE, (CS, C/D) 


c 








tRE 


RE Pulse Width 


350 




ns 




*RD 


Data Delay from RE 




200 


ns 


Ci_= SOpF 


*RDH 


RE to Data Floating 




200 


ns 


Cl= 50pF 






25 




ns 


Ci_= 15pF 



WRITE CYCLE (Reference Figure 7) 


*AW 


Address Stable fc>efore WE 


20 




ns 




*WA 


Address Hold Time for We 


20 




ns 




tWE 


WE Pulse Width 


350 




ns 




*DS 


Data Set-Up Time for WE 


200 




ns 




*WDH 


Data Hold Time for WE 


40 




ns 





OTHER TIMINGS (Reference Figures 8, 9) 


toTX 


TXD Delay from Falling Edge of TXC 




500 


ns 


Cl= 100 pF 


tSRX 


Rx Data Set-up Time to Sampling Pulse 


200 




ns 


Cl= 100 pF 


tNRX 


Rx Data Hold Time to Sampling Pulse 


100 




ns 


Cl= 100 pF 


tTX 


Transmitter Input Clock Frequency 












4x 


DC 


800 


kHz 




tTPW 


Transmitter Input Clock Pulse Width 
4x 


500 




ns 




<TPD 


Transmitter Input Clock Pulse Delay 
4x 


500 




ns 




tRX 


Receiver Input Clock Frequency 












4x 


DC 


800 


kHz 




'rpw 


Receiver Input Clock Pulse Width 
4x 


500 




ns 




tRPD 


Receiver Input Clock Pulse Delay 
4x 


500 




ns 
ns 




tTX 


TXRDY Delay from center of Data Bit 






♦txc 
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A.C. TIMING PARAMETERS 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


TEST CONDITION 




TXRDY Delay from Center of Data Bit 


200 ns 


2 


'TXC 


(4x) 




RXRDY Delay from Center of Data Bit (FOR 




1/2 


Rrxc 






Delay from Center of Data Bit) 












TXE Delay from Center of Data Bit 




1/2 


trxc 


Cl = 50 pF 












4 X Rate 




Figure 4 TEST POINTS FOR A.C. TIMING 




Figure 5 READ CYCLE TIMING 



Note: AC timings measured at Vqh = 2.0V, Vql = 0.8V and with test load circuit. 




Figure 6 WRITE CYCLE TIMING 
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o 

CO 



tSRX 



*HRX 



RXD 



RXC 



4 RXC periods 



(4 X baud) 



Figure 7 RECEIVER CLOCK AND DATA TIMINGS 




Figure 8 TRANSiMITTER TIMINGS (ARINC MODE) 



rj20 



o 

CO 



RXDI.O 
(Arinc) 



1st Data Character 



2nd Data Character 



3rd Data Character 
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Figure 9 RXRDY AND FCR TIMING 
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Figure 10 RXRDY AND TXE TIMINGS (4 Character Sequence) 
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4 eight bit character with 4 bit minimum space. 
Last bit of last character is parity 



4 bit space (null) 
Delimiter 

, A , 



-One transmission/reception consisl> of four eigfit bit cfiaracter and 4 bit (min.) null.- 



Parity 



29 30 31 32 



D1 D2 D3 D4 1 2 3 4 5 6 7 8 



9 10 11 12 



End of previous 
ctiaracter 



V 

1st Character 



A. 




24 25 26 27 28 29 30 31 32 



D1 D2 D3 D4M 1 2| 3j 4j5 



V 

4tli Character 



4 bit null followed 
by next character 
or continued space 



Note: Delimiter is transmitted at 
the end of the TX sequence 



Figure 11 ARINC 429 

The V/Z Receiver converts ±10 volt levels to TTL logic levels. It is composed of logic one and zero comparators. A logic one 
(RXD1) TTL output is derived when voltage rising to 1 (VR1) threshold is crossed and terminated at voltage falling to 1 (VF1). A 
logic zero (RXDO) TTL output is generated between voltage falling to zero (VFO) and voltage rising from zero (VRO). When input 
thresholds are not exceeded, neither output is active. The V/Z output can drive one TTL input. 
The return to zero (RZ) format is shown below 



V/Z 
Rec 



RXDO 



WD1993 



VR1 



Gnd 




i !-iov 

I Logic 1 I Logic 0 Null Logic 1 Logic 1 Logic 0 

' ij ! I i ' I 

RXD1 _| I i i I I I I 



Null 



RXDO 

Derived 
Interna l Clk 
Derived 
Internal Data[~ 



_r~! r~i r~L 



Flgure 12 ARINC RECEIVER CIRCUIT 



The V/Z Driver convert TTL logic levels into ± 10 volt levels. The TXD1 and TXDO outputs of the WD1993 are used to drive the 
line drivers. Each output can drive one TTL load. When the outputs are not active, the line Driver should return to zero. 



WD 1993 



TXD1 
TXDO^ 



V/Z 
Driver 



J"~L 



± 10V line TXDO 



Null Logic 1 Logic 0 Null Logic 0 Logic 0 Logic 1 
I 



, +10V 



Gnd 





Figure 13 ARINC DRIVER CIRCUIT 
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See page 725 for ordering information. 



Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for its use; nor for any infringements of patents or otfier rights of third parties which may result from Its use. No license is granted by 
Implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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Primed in USA 



WESTERN DIGITAL 

CORPORATION 

WD1984 Multi-Character 
Synchronous Asynchronous Receiver Transmitter 



FEATURES 

• TWO OPERATING MODES: SYNCHRONOUS & ASYN- 
CHRONOUS 

• 1 TO 8 CHARACTERS OF 5, 6, 7, OR 8 BITS PER CHAR- 
ACTER TRANSMISSION 

• SELECTABLE PARITY INSERTION IN OR AFTER LAST 
BIT OF WORD 

• EVEN/ODD RARITY SELECT OR NO RARITY 

• DOUBLE BUFFERED RECEIVER & TRANSMITTER 

• ASYNCHRONOUS SELECTABLE CLOCK RATES (1x,16x) 

• UNDERRUN ERROR DETECTION FOR TRANSMISSION 

• OVERRUN. FRAMING AND R^RITY ERROR DETEC- 
TION ON RECEIVER 

• LINE BREAK GENERATION AND DETECTION (ASYNC 
MODE) 

• FIRST CHARACTER OF WORD FLAG FOR SINGLE IN- 
TERRUPT APPLICATIONS 



• DIAGNOSTIC LOCAL LOOP-BACK TEST MODE 

• DC TO 1M BITS/SEC (1x) OPERATION 

• TTL COMPATIBLE INPUTS AND OUTPUTS 

• SINGLE +5 VOLT SUPPLY 

• 28 PIN CERAMIC OR PLASTIC PACKAGE 

• TEMPERATURE RANGES 0°C to 70°C, -40°C TO -h85°C 

INTRODUCTION 

The Western Digital WD1984 is designed to handle digital 
data transmission, according to two protocols. These are the 
Synchronous and Asynchronous protocols. Parallel data is 
converted into a serial data stream during transmission and 
serial to parallel during reception. 

The device can be programmed to transmit and receive 
words that are 1 to 8 characters in length; 5, 6, 7 or 8 bits 
per character. Error flags and control signals have been 
provided to broaden the application range of the device. The 
WD1984 is packaged in a 28 pin plastic or ceramic package 
and is available in two temperature ranges: Commercial and 
Industrial. 



s 



vss 

BDET/SDET Q 
"CTS □ 
TXC □ 
N.C. Q 
MR 

TXE C 
RXRDY C 
TXRDY C 
N.C. C 
TXD C 
RXC C 
FOR/TIP C 
N.C. C 



□ c/G 

□ "CS 

□ WE 

□ d7 

□ D6 
D D5 

□ D4 

□ D3 
H D2 

□ di 

□ DO 
13 RXD 
D VCC 



Figure 1 WD1984 PIN-OUT 

N.C. No Internal Connection 



DATA BUS DO TO D7 



BREAK 
DETECT 
LOGIC 



iTEB r" RESISTEB P" REGISTER F" REGIST 



OUTPUT 
CONTROL 
L08IC 



Figure 2 WD1984 BLOCK DIAGRAM 
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PIN NO. 


SYMBOL 


SIGNAL NAME 


FUNCTION 


1 


VSS 


GROUND 


Ground 


2 


BDET/ 
SDET 


BREAK DETECT/ 
SYNC DETECT 


This pin is a bi-directional port. 

In ASYNC, it is an output, which goes high when the receiver 
logic detects a break character. 

In the SYNC mode, it is an input which causes the receiver to 
begin assembling data bytes as programmed. 


3 


"CTS 


CLEAR-TO-SEND 


This input is activated (V||_) to enable the transmitter logic. 


4 


TXC 


TRANSMIT CLOCK 


This input is the source clock for transmission. The data rate 
is a function of this clock frequency. 

ASYNC MODE = 1 x or 16x bit rate 

SYNC MODE = 16x bit rate 


5 


N.C. 




No internal connection. 


6 


MR 


MASTER RESET 


When high (V|h), presets the WD1984. The command register 
is set to 00100101 and the mode register is set to 001 1 1 100. 


7 


TXE 


TRANSMITTER 
EMPTY 


This output goes high to indicate the end of a transmit oper- 
ation. TXE is automatically reset after the Transmit Holding 
Register is loaded. 


8 


RXRDY 


RECEIVER READY 


This output, when high, alerts the CPU that the Receiver Hold- 
ing Register contains a data character that is ready to be input. 
This output is automatically reset whenever a character is read 
from the WD1984. 


9 


TXRDY 


TRANSMITTER 
READY 


This output, when high, alerts the CPU that the Transmit Hold- 
ing Register is ready to accept a data character. The TXRDY 
output is automatically reset whenever a character is written 
into the WD1984 and can be used as an interrupt to the 
system. 


10 


N.C. 






11 


TXD 


TRANSMIT DATA 
ONE 


This output is the serial data output. 


12 


RXC 


RECEIVE CLOCK 


This input is the source clock for reception. The data rate char- 
acteristics are the same as the transmit clock. 


13 


FCR/TIP 


FIRST CHARACTER 
READY/TRANS- 
MISSION IN 
PROGRESS 


In the ASYNC mode, this output goes high after the receiver 
has completed reception of the first character in a multi-char- 
acter sequence. 


14 


N.C. 






15 


VCC 


POWER SUPPLY 


+5V DC 


16 


RXD 


RECEIVE DATA ONE 


This input is the serial data input. 


17 
18 
19 
20 
21 
22 
23 
24 


DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 


DATA BUS 


This is the bi-directional data bus. It is the means of commu- 
nication between the WD1984 and the CPU. Control, Mode, 
Data and Status Registers are accessed via this bus. 
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PIN NO. 


SYMBOL 


SIGNAL NAME 


FUNCTION 


25 


WE 


WRITE ENABLE 


When low (V|l), allows the CPU to write into the selected 
register. 


26 


CS 


CHIP SELECT 


When low (V|l), the device is selected. This enables com- 
munication between the WD1984 and a microprocessor. 


27 


C/D 


CONTROL/DATA 


This input is used in conjunction with an active read or write 
operation to determine register access via the DATA BUS. 


28 


"RE 


READ ENABLE 


When low (V|l), allows the CPU to read data or status infor- 
mation from the WD1984. 



GENERAL DESCRIPTION 

The WD1984 is a bus-oriented MOS/LSI device designed to 
provide two data communication protocols: 

1. Asynchronous 

2. Synchronous 

The control registers are used to select the desired protocol 
and provide programmable format options within each pro- 
tocol, as outlined below. 

The WD1984 contains two control registers needed to spec- 
ify formal options within each protocol. These registers are 
the command instruction register and the mode instruction 
register. 

The format options available to the user are: 

1) Parity Enable (PEN) 

2) Parity Position (PIA) 

The .Parity bit (when enabled) can either be ap- 
pended to the data word After the data bits or 
it can be /nslde the data word in the last bit 

position. 

3) Odd or Even Parity Select (EPS) 

4) Character Length Select 5, 6, 7 or 8 Bits/Char- 
acter) (CLS2 and CLS2) 

The Asynchronous mode has the option of selecting the 
number of contiguous characters per transmission and re- 
ceive sequence. This multicharacter option may facilitate 
data handling between peripheral devices with a non-stan- 
dard number of data bits. Therefore, the user can change 
the mode register to transmit and receive any combination 
of one to eight characters per word and 5, 6, 7 or 8 bits per 
character. 

Additionally, the Asynchronous mode has two options which 
determine the operational characteristics of the protocol: 

1) Stop Bit Selection— (SPS) 

This control bit selects 1 or 2 stop bits (1 or 1 Vz bits in 5 
bit characters) at the end of the word, which is part of the 
character delimiting definition. 



2) Asynchronous clock rate select (1 x or 16x clock rate), 
which describes resolution and bit rate characteristics. 



The WD1984 also contains a local loop-back test mode of 
operation, which is controlled by the Loop Test Enable (LTE) 
bit in the command register. In this diagnostic mode, the 
transmitter output is "looped-back" into the receiver input. 
Th e REN and TEN control bits must also be active ("1") and 
the CTS input must be low ("0"). The status and output flags 
operate normally. 



ORGANIZATION 

A block diagram of the WD1 984 is shown in figure 1 . 

As mentioned, the WD1984 is an eight bit bus-oriented 
device. Communication between the WD1984 and the con- 
trolling CPU occurs via the 8 bit data bus through the bus 
transceivers. There are 2 accessible data registers, which 
buffer transmit and receive data. They are the Transmit Hold- 
ing Register and the Receive Holding Register. There is a 
parallel-to-serial shift register (parallel in-serial out), the 
transmit register and a serial-to-parallel shift register (serial 
in-parallel out), the receive register. 

Operational control and monitoring of the WD1984 is per- 
formed by two control registers (the command instruction 
register and the mode instruction register) and the status 
register. 

A read/write control circuit allows programming/monitoring 
or loading/reading of data in the control, status or holding 
registers by activating the appropriate control lines: Chip Se- 
lect (CS), Read Enable (RE), Write Enable (WE) and Control 
or Data Select (C/D). 

Internal control of the WD1984 is by means of two internal 
microcontrollers; one for transmit and one for receive. The 
control registers, null detect logic and various counters, 
provide inputs to the microcontrollers which generate the 
necessary control signals to send and receive serial data ac- 
cording to the programmed protocols. 
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REGISTER DEFINITIONS 

The format and definition of the Command Register is shown below: 



CR7 


CR6 


CR5 


CR4 


CR3 


CR2 


CR1 


CRO 


EPS 


IR 


PEN 


LTE 


TXSM 


REN 


PIA 


TEN 



TEN 


Transmit ENable 


LTE 


Loop Test ENable 


1 


Enabled 


1 


Local loop-back mode 


0 


Disabled 


0 


Normal Operation 


PIA 


Parity Inside or After 


PEN 


Parity ENable * 


1 


After the data word 


1 


Enabled 


0 


Inside (the last data bit) of word 


0 


Disabled 


REN 


Receive ENable 


IR 


Internal Reset 


1 


Enabled 


1 


Returns WD1984 to mode instruction format 


0 


Disabled 


0 




TXSM 


Transmit Space or Mark 


EPS 


Even Parity Select 


1 


Send break character (force TXD low) 


1 


Even parity 


0 


Normal transmitter operation 


0 


Odd parity 



*lnternally disabled in Synchronous mode. 

The format of the Status Register is shown below: 



SR7 


SR6 


SR5 


SR4 


SR3 


SR2 


SR1 


SRO 



UE BRKDET FE OE PE TXE RXRDY TXRDY 



TXRDY 

1 

0 



Transmitter Ready 

Active (THR can be reloaded) 
Inactive (transmitter is busy) 



RXRDY Receiver Ready 

1 Active (RHR should be read) 

0 Inactive 

TXE Transmitter Empty 

1 Transmitter idle 

0 Transmitter active 



PE Parity Error 

1 Error reported 
0 No error 



OE Overrun Error 

1 RHR has been ovenwritten 

0 No error 

FE Framing Error 

1 Indicates a framing error has been detected. 
0 No error 

BRKDET Break Character Detect 



1 



1 



In ASYNC mode, this bit indicates the receiver has detected 

a break character. 

Inactive 

Underrun Error 

In multi-character transmissions, indicates that the 
THR has not been loaded with a new character in 
time for a contiguous data transmission sequence. 
No error 
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The format and definition of the Mode Register is shown below: 



MR7 


MR6 


IVIR5 


IVIR4 


MRS 


MR2 


MR1 


MRO 


SBS 


N3 


N2 


N1 


CLS2 


CLS1 


MS2 


M$1 



MS2 


MSI 


Mode Selected 


X 


X 


Undsf ineri 

wl II IvU 


0 


0 


Asynchronous mode (16X) 


0 


1 


Asynchronous mode (IX) 


1 


X 


Synchronous mode (16X) 


CI.S2 


CLS1 


Character Length Select 


0 


0 


5 bits 


0 


-f 


6 bits 


1 


0 


7 bits 


1 


1 


8 bits 


N3 


N2 


N1 Characters Per Word Select 


0 


0 


0 1 character 


0 


0 


1 2 characters 


0 


1 


0 3 characters 


0 


1 


1 4 characters 


1 


0 


0 5 characters 


1 


0 


1 6 characters 


1 


1 


0 7 characters 


1 


1 


1 8 characters; 


SBS 


Stop Bit Select 




1 


2 stop bits (1-1/2 bits in 5 bit characters) 


0 


1 stop bit 





The WD 1984 registers are addressed according to the following table: 













cs 


C/D 


RE 


WE 


Registers Selected 


L 


L 


L 


H 


Read Receive Holding Register 


L 


L 


H 


L 


Write Transmit Holding Register 


L 


H 


L 


H 


Read Status Register 


L 


H 


H 


L 


Write Control Registers 


H 


X 


X 


X 


Data Bus Tri-Stated 



L = V(L at pins 
H = V|H at pins 
X = don't care 



ASYNCHRONOUS OPERATION 

When the Asynchronous mode is selected, start, stop and 
parity bits are inserted as programmed. The receiver and 
transmitter clocio can be programmed as 1X or 16X. The 
transmitter output, TXD line will mark or space after trans- 
mission depending on command register programming. A 
line break condition can be programmed by setting the 
TXSM bit (command register bit CR3) to a logic "1". The 
TXD line will be forced to a low as long as this bit is logic "1 ". 
When the receiver detects the input line (RXD) low for a pe- 
riod equal to the word length including start, parity and stop 
bits, the break detect flag will become active. 



The multi-character option is available to the Asynchronous 
protocol. The user can select any combinatipn of one to eight 
characters per word and 5, 6, 7 or 8 bits per character. This 
allows a minimum word length of 5 bits and a maximum of 64 
bits, plus parity, if enabled. 

SYNCHRONOUS OPERATION 

When the Synchronous mode is selected, start and stop bits 
are not transmitted. Parity is not available in Synchronous 
mode. The multi-character option is not available; however, 
the transmitter will continuously shift out data as long as the 

transmit holding register is buffered by the CPU. Two I/O sig- 
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nals are provided for synchronization, TIP (transmission in 
progress), an output which indicates that the transmitter is 
actively sending data and SYNCDET (SYNC detect), an in- 
put which notifies the receiver logic when to begin assem- 
bling characters. 

Synchronization is obtained when the TIP signal from the 
transmitter is brought to the SYNCDET input of the associ- 
ated receiver. Completion of a data transmission sequence 
occurs when the last character in the transmit register is sent 
and no further data is loaded into the transmit holding regis- 
ter. The TIP signal goes low. The receiver monitors the 
SYNCDET line and assembles data characters until it goes 
low, at which time it goes to an idle state. 

PARITY MODES 

The WD1984 is provided with some unique parity options as 
discussed above. If parity is enabled and the word length is 
eight bits, the parity is added to the transmitted word and 
stripped from the received word. When programmed for 5, 6 
or 7 bits per character, the receiver checks and makes avail- 
able the parity bit on the bus next to the MSB of data. Unused 
bits in an assembled character are zero when the receive 
holding register is read. 

For example, in Asynchronous mode when two 8 bit charac- 
ters are programmed with parity after the Data Word and two 
stop bits, 20 bits are transmitted. These are the Start bit, 1 6 
Data bits, Parity and the 2 Stop bits. The Parity will be 
stripped off at the receiver since the character length is 8. 

In Synchronous mode, Parity is not available and it is sug- 
gested the user provide his own software CRC as the last 
characters of his transmission. 

OPERATING DESCRIPTION 

The WD1984 is primarily designed to operate in an 8 bit 
micro-processor environment, although other control logic 
schemes are easily impl emented. The D ATA BUS and the In- 
terface Control Signals (CS, RE, WE and C/D) should be 
connected to the microprocessor's data bus and system con- 
trol bus. The appropriate TXC and RXC clock frequencies 
should be selected for the particular application, using a pro- 
grammable baud rate generator such as a BR1941 . A master 
reset pulse initializes the WD1984 and presets the control 
registers to transmit and receive four 8-bit contiguous char- 
acters with the 32nd bit odd parity. If other protocols are de- 
sired, then the mode and command registers should be pro- 
grammed as discussed previously. 

For typical data communication applications, the RXD and 
TXD input/outputs can be connected to RS-232C interface 
circuits or a modem. 

The TXRDY, RXRDY, FCR and FE/BRKDET Flags may be 
connected to the microprocessor system as interrupt inputs. 
The status register can be periodically read in a polled en- 
vironment to support operations. 

The CTS input can be used to synchronize the transmitter to 
external events. 

The WD1984 is designed such that a control register write 

operation accesses the command instruction register. The 



mode instruction register is accessed by performing a control 
write operation setting the internal reset bit high, which al- 
lows the next control write operation to program the mode 
register. Subsequent control write operations will again 
access the command register until another internal reset is 
performed. Internal reset commands should also disable the 
receiver and transmitter until the new mode instruction is pro- 
grammed. The next command should then reactivate the re- 
ceiver and transmitter to resume operations. This minimizes 
any errors that may be generated as a result of an active re- 
ceive line during reprogramming. 

The TXSM bit of the command register causes the transmit- 
ter output to be forced low after the last word is transmitted. 
This is also used in Asynchronous mode to send a break 
character (all zero data and parity bits). 

The receiver is equipped with logic to look for a break char- 
acter in the Asynchronous mode. When a break character is 
received, the receiver activates the break detect flag and sta- 
tus bit. When the receiver input line goes high again for at 
least "one bit time", the receiver resets the break detect flag 
and resumes its search for a start bit. 

MULTI-CHARACTER OPERATIONS 

As discussed above, the WD1984 is equipped with a multi- 
character option which provides the user with the means of 
transmitting and receiving multiple contiguous characters of 
data within one set of start and stop bits. Since the WD1984 
is an 8 bit bus-oriented device, the controlling processor must 
read the WD1984 data from its holding register before the 
subsequent characters are assembled. This situation also 
exists on the transmit side, i.e., the Transmit Holding Reg- 
ister must be loaded before the previous 8 bits are com- 
pletely shifted out of the transmit register. 

Several "flags" are provided for interrupt purposes so that 
continuity is maintained and data integrity is preserved. 
These flags are First Character Ready (FCR), Receiver Ready 
(RXRDY), Transmitter Ready (TXRDY) and Transmitter 
Empty (TXE). 

The Transmitter operates as follows: 

a) With the mode and command registers programmed 
as desired, the transmitter is enabled, TEN (CRO) = 
"1". 

b) The TXE and TXRDY flags are "1" (active). 

c) The external CTS signal = "0". 

d) The CPU loads data into the Transmitter Hold ing Reg- 
ister, TXE and TXRDY go Low. 

e) The data is loaded into the transmit register and TXRDY 
goes High. This indicates the first data word is being 
sent and the character can be loaded into the holding 
register. If the WD1984 is programmed for more than 
one character (multi-character) then an underrun error 
will be generated if the next character is not loaded be- 
fore the previous word is completely shifted out, unless 
the current character is the last character in a sequence. 

f) If the last character is transmitted and no more new 
data is to be sent, the transmitter will indicate its status 
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by raising the TXE flag. (No error is generated as a re- 
sult of this condition.) 

The Receiver operates similarly: 

a) With the control registers suitably programmed, the re- 
ceiver is enabled, REN (CR2) = "1". 

b) The RXRDY and FCR flags are "0". (Inactive). 

c) The incoming data word activates the receive logic and 
the data begins to be assembled in the receive register. 

d) When the first character is completely assembled, the 
data is loaded into the Receive Holding Register, the 
FCR (First Character Ready) and RXRDY (Receiver 
Ready) flags become active, "1". The CPU should 
read the data prior to the reception of the next charac- 
ter or an overrun error will be generated as the receiver 
will ovenvrite the old data with the new data character 
just received. 

LOOP TEST MODE: 

As mentioned, the WD1984 is equipped with a diagnostic 
test mode, local loop-back. This mode is activated by setting 
the LTE command bit to a "1". The TEN and REN bits should 
be "1" and CTS should be "0". The receiver inputs are ig- 
nored and the transmitter outputs are held high Vqh- The 
transmitter is internally "looped-back" to the receiver and the 
error and status flags operate normally. 

It is possible to program a test routine using the loop-back 
mode so that one can simulate "line breaks" and parity er- 
rors. This can be done using the TXSM command to Interrupt 



a transmit sequence in "mid-stream", since setting the TXSM 
bit to a "1" while the transmitter is currently sending data will 
immediately cause zeroes to be sent until the TXSM bit is re- ^ 
programmed to a "0". This can only be done when in the O 
loop-test mode, else the TXSM command is recognized only 
after the current transmission is complete. g 

For multicharacter operations, failing to reload the Transmit 
Holding Register in the middle of a data send sequence will 
cause an underrun error in the transmitter and a word error 
in the receiver. Failure to read the Receive Holding Register 
after a FCR or RXRDY flag will cause an overrun error to be 
generated. 

For Loop-Back test operations, the user should be sure that 
the TXC and RXC clock frequencies are the same. This is 
normally implemented by placing the same clock signal on 
both pins (TXC and RXC). 



ABSOLUTE MAXIMUM RATINGS 

Storage Temperature 

Plastic ("F" package) -55°C to +125°C 

Ceramic ("E" package) -65°C to -)-150°C 

Voltage on any Pin with respect to ground . . . -0.5V to -f-7V 
Power Dissipation 400MW 

Absolute ratings indicate limits beyond which permanent 
damage may occur. Continuous operation at these limits is 
not intended and should be limited to those conditions spec- 
ified under DC Electrical Characteristics. 



DC ELECTRICAL CHARACTERISTICS 

Ta=0°C to +70°C] Vcc =5.0V ± 5%; GND= OV 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


TEST CONDITION 


V|L 


Input Low Voltage 


-0.5 




.08 


V 




V|H 


Input High Voltage 


2.0 




Vcc 


V 




Vol 


Output Low Voltage 






0.45 


V 


Iql = 1-6mA 


Vqh 


Output High Voltage 


2.4 






V 


lOH = -IOOmA 


'dl 


Data Bus Leakage 






-50 


uA 


VouT = 0-45V 










10 


uA 


VoUT = V 


l|L 


Input Leakage 






10 


uA 


V|N = 


'cc 


Power Supply Current 




45 


80 


mA 





CAPACITANCE 

Ta = 25°C: Vcc = = 0^ 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


TEST CONDITION 


C|N 


Input Capacitance 






10 


pF 


fc= 1MHz 


C|/0 


I/O Capacitance 






20 


PF 


Unmeasured pins 














returned to GND 
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S 



+ 20 



+ 10 



-10 



-20 



-100 -50 0 +50 +100 
A CAPACITANCE (pF) 

Figure 3 OUTPUT DELAY VS CAPACITANCE 



A.C. TIMING PARAMETERS 



SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


CONDITION 


BUS PARAMETERS 










Read Cycle (Reference Figure 5) 










*AR 


Address Stable before"RE, (CS, C/D) 


50 




ns 




<RA 


Address Hold Time for'RE, (CS, C/D) 


5 




ns 




tRE 


"RE Pulse Width 


350 




ns 




•rd 


Data Delay from RE 




200 


ns 


Cl = 50pF 


*RDH 


RE to Data Floating 


25 


200 


ns 


CL(Max) = 100 pF 












CL(Min) = 50 pF 



WRITE CYCLE (Reference Figure 6) 


^AW 


Address Stable before WE 


20 




ns 




*WA 


Address Hold Time for WE 


20 




ns 




<WE 


WE Pulse Width 


350 




ns 




<DS 


Data Set-Up Time for WE 


200 




ns 




%DH 


Data Hold Time for WE 


40 




ns 





OTHER TIMINGS (Reference Figure 7, 8, 9) 


^DTX 


TXD Delay from Falling Edge of TXC 




500 


ns 


Cl= 100 pF 


tSRX 


RX Data Set-Up Time to Sampling Pulse 


200 




ns 


Cl = 100 pF 


^NRX 


RX Data Hold Time to Sampling Pulse 


100 




ns 


Cl= 100 pF 


tTX 


Transmitter Input Clock Frequency 












1 X Baud Rate 


DC 


500 


kHz 






4x, 16x Baud Rate 


DC 


750 


kHz 




'tpw 


Transmitter Input Clock Pulse Width 












1 X Baud Rate 


1.0 




us 






16x Baud Rate 


500 




ns 
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SYMBOL 


PARAMETER 


MIN 


MAX 


UNIT 


CONDITION 


tjPD 


Transmitter Input Clock Pulse Delay 












1 X Baud Rate 


1 .0 




us 






16x Baud Rate 


700 




ns 






Receiver Input Clock Frequency 












1 X Baud Rate 


DC 


500 


kHz 






4x, I6x Baud Rate 


DC 


750 


kHz 




*RPW 


Receiver Input Clock Pulse Width 












1 X Baud Rate 


1.0 




us 






16x Baud Rate 


500 




ns 




tpPD 


Receiver Input Clock Pulse Delay 












1 x Baud Rate 


1.0 




us 






16x Baud Rate 


700 




ns 

ns 






TXRDY Delay from center of Data Bit 


200 ns 


V2 


*TXC 


(1x or 16x) 



A.C. TIMING PARAMETERS 



SYMBOL 


PARAMETER 


n/IIN 


MAX 


UNIT 


TEST CONDITION 


*RX 


RxRDY Delay from Center of Data Bit (FCR 




1/2 


Rrxc 






Delay from Center of Data Bit) 












Internal BRKDET Delay from Center of Data Bit 




1 


'rxc 






External SynDet Set-up time before rising 


200 




ns 






edge of RXC 












TXEMPTY Delay from Center of Data Bit 






tjxc 


Cl = 50 pF 












(1 X Rate) 



2.0V 
0.8V 



\V^Vhac 




Figure 4 TEST POINTS FOR A.C. TIMING 




Figure 5 READ CYCLE TIMING 

Note: AC timings measured at Vqh = 2.0V, Vql = 0.8V 
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Figure 6 WRITE CYCLE TIMING 



^TPW 



tTPD 



TXC 
IX BAUD 



TXC 

16X BAUD 



■LrLTLTLT 



,16 TXC PERIODS 



TXD 



Figure 7 TRANSMITTER CLOCK AND DATA TIMINGS 



RXD 



RXC 
IX BAUD 



RXC 

16X BAUD 



■•SRX ■ 



.tRPW. 



tHRX- 



.♦rpd ^ 



16 RXC PERIODS- 



Ln 



Figure 8 RECEIVER CLOCK AND DATA TIMINGS 



&34 



RXC J" 
{16x) 



SDET 
RXD 



TXC 

(16x1 



i 



f 



X 



1st data Bit 



1_ 



CSC/D 



WE 



TXRDY 



TXE 



TIP 



tTX 



LT 



tTX 



TXD 



1st data bit 



Figure 9 SYNCHRONOUS MODE TIMINGS 



start Bit 

RXD ^ 

''^^y"''' I I isl Data Character T 2nd Data Character I 3rd Data Character I P I Stop bits 



RXD , 1 

(Synch) Qgta Character 2nd Data Character 3rd Data Character 4th Data Character 



n 

n rn rn tl 

u u ' U LT 

Figure 10 RXRDY AND FCR TIMING 
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WE 



TTl. 

inr 



IT 



n 

IT 



1st Data Character 



2nd Data Character 



3rd Data Character 



4th Data Character P 



Figure 11 TXRDY AND TXE TIMINGS (4 CHARACTERS SEQUENCE) 



2 eight bit characters with start/stop bits and parity. 



Marking line or 
end of previous 
character 



Start bit 
i 



Parity outside data Character 

if programmed --.^ / Programmed stop bits 



12 3 4 5 6 7 8 



10 11 12 13 14 15 16 P 



1st 8 bit Character 



V 

2nd 8 bit Character 



tvlarking line or 
next transmission 



Figure 12 16 BIT ASYNCHRONOUS 



4 Five bit characters with start/stop 
bits and parity (Parity programmed inside last data character) 

Start Bit 

1 














Parity inside the last bit 
of the last Character 




Single stop bit 






3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


P 






Marldng line or 
previous character 








J 


[ 








k 








A 








; 


Marking line or 


Y 

1st Character 






Y 

2nd Character 




Y 

3rd Character 




4th 


Character 


next transmission 



Figure 13 20 BIT ASYNCHRONOUS 



See page 725 for ordering information. 



Inforn^ation furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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WESTERN 

C O R P O R 



DiGITAL 

A T / O N 



WD2001 / WD2002 Data Encryption Devices 



D 

to 



FEATURES 



CERTIFIED 
DARDS. 



BY NATIONAL BUREAU OF STAN- 



TRANSFER RATE: 

WD2001/2-05 SOOKbs with 500KHZ clock 
WD2001/2-20 1 .3 Mbs with 2MHz clock 
WD2001/2-30 1.8 Mbs with 3MHz clock 

ENCRYPTS/DECRYPTS 64 BIT DATA WORDS USING 
56 BIT KEY WORD 

SINGLE PORT 28 PIN PACKAGE WD2001 OR DUAL 
PORT 40 PIN PACKAGE WD2002 

COMMAND BIT PROGRAMMING VIA DAL BUS OR 
INPUT PINS 

DMA COMPATIBLE (SEE WESTERN DIGITAL 
DM1883) 

PARITY CHECK ON KEY WORD LOADING 

STANDARD 8 BIT MICROPROCESSOR INTERFACE 

INPUTS AND OUTPUTS TTL COMPATIBLE 

KEY STORED ON CHIP IS NOT EXTERNALLY 
ACCESSIBLE 

SEPARATE CLEAR AND CIPHER BUS STRUCTURE 
ON WD2002 



APPLICATIONS 

SECURE BROKERAGE TRANSACTIONS 

ELECTRONIC FUNDS TRANSFERS 

SECURE BANKING/BUSINESS ACCOUNTING 

MAINFRAME COMMUNICATIONS 

REMOTE AND HOST COMPUTER 
COMMUNICATIONS 

SECURE A/D 

SECURE DISK OR MAG TAPE DATA STORAGE 
SECURE PACKET SWITCHING TRANSMISSION 
GENERAL DESCRIPTION 

The Western Digital WD2001 and WD2002 Data 

Encryption/ Decryption devices are designed to encrypt 
and decrypt 64-bit blocks of data using the algorithm 
specified in the Federal Information Processing Data 
Encryption Standard (#46). These devices encrypt a 
64-Bit clear text word using a 56-Bit user-specified key 
to produce a 64-Bit cipher text word. When reversed, 
the cipher text word is decrypted to produce the 
original clear text word. 

The DE2001/2are fabricated in N-channel silicon gate 
MOS technology and are TTL compatible on all inputs 
and outputs. 



to 



NC C 
RA □ 
NC C 

Bran 

BOX [I 

NC C 

(t5) VCC C 
H12I VDO C 
WE Q 

C0P7 C 
CDP5 C 
CDP3 C 
CDPI C 
CLK C 

DALl □ 
DAL3 ^' 

DAL7 Q 



40 □ DOR 
39 □ DIR 
38 □ KR 
37 □ KEOE 
36 □ VSS (GNDI 
36 3 E/D 
34 II ACT 
33 □ kFE 
32 □ MR 
31 □ CRPS 
30 □ CDP» 
29 □ CDP2 
28 □ CDP4 
27 □ CDP6 
26 □ A0 
26 I] DPS 
24 H DAL6 
23 □ DAL4 
22 3 D*l-2 
21 □ DALe 



NC C 1 
KA □ 2 
DIA □ 3 
DOA □ 4 
(*6I VCC □ 5 
+ 121 VOD d 6 
WE ^ 7 
BE □ 8 
CLK □ 9 
C5 □ 10 
DALl □ 11 
DAL3 □ 12 
DAL6 C '3 
DAL7 □ 14 



□ DOR 

□ DIR 
3 KR 

D VSS IGNOl 

□ i/D 

□ ACT 
U KPE 

□ sm 

□ CRP5 

□ Ae 

□ DAL6 

□ DAL4 
U DAL2 

□ DAL8 



COMMAND/STATUS 
REGISTER SBIT^ 



DATA REGIS! E 



MASTER CONTROL 



N8S ALGORITHM 



MLABLE ON WO3001 



WD2001/WD2002 BLOCK DIAGRAM 
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PIN OUTS 



PIN NO. 


PIN NAME 


SYMBOL 


FUNCTION 






WD2001 


WD 2002 








11-18 


17-24 


DATA LINES 


DALO 
DAL 7 


Eight active true three-state bi-directional I/O lines 
used for information transfer to and from the DBS 
chip's registers. During single port operation, all 
COMMAND/STATUS, KEY WORD and DATA WORD 
transfers are via this bus. During dual port operation, 
ail COMMAND/STATUS, KEY WORD and clear DATA 
WORD transfers are via this bus. (Cipher DATA WORD 
transfers are via the CIPHER DATA PORT (CDP) bus.) 


N/A 


11-14 


CIPHER DATA PORT 


GDPO 


Eight active true three-state bi-directional I/O lines 




27-30 




CDP 7 


used only in dual port operation. Cipher DATA WORD 
transfers are via this bus. These pins are available on 
the WD2002 40 pin package version only. 


6 


8 


POWER SUPPLY 


vdd 


+ 12v 


5 


7 


POWER SUPPLY 


vcc 


+ 5v 


25 


36 


uriuuiNU 


vss 


unUUIN U 


9 


15 


CLOCK 


CLK 


^VQtprn ^Inpk inniit 

W/OLdll V>IV.IOi\ 1 1 1 p LI I . 


21 


32 


MASTER RESET 


MR 


MR active low resets the COMMAND/ STATUS 
REGISTER and resets internal circuitry. (Requires 
active clock for reset operation.) 


10 


16 


CHIP SELECT 


CS 


CS is made low to access registers within the device. 


8 


10 


READ ENABLE 


RE 


The contents of the selected register are placed on the 
DAL (or CDP) bus lines when CS and RE are made low. 


7 


9 


WRITE ENABLE 


WE 


Information on the DAL (or CDP) bus lines is written 
into the selected DES register when CS and WE are 
made low. 


19 


26 


AO 


AO 


When this input is active high (during CS active) the 
COMMAND/STATUS REGISTER is addressed. (AO 
active high will override internally generated addres- 
sing of the KEY and DATA REGISTERS as described 
on page6.)This input is ignored whenCRPS is active. 


26 


38 


KEY REQUEST 


KR 


This output Is active high when the DES chip is 
requesting that a byte of the KEY WORD be written into 
the KEY REGISTER. (The KEY REGISTER Is auto- 
matically addressed when KR is active, unless 
overriden by AO.) 


2 


2 


KEY ACKNOWLEDGE 


KA 


This output Is active low when WE is made low while 
the KEY REGISTER is addressed. (Can be used for 
handshake.) 


27 


39 


DATA-IN REQUEST 


DIR 


This output is active high when the DES chip is 
requesting that a byte of the DATA WORD be written 
Into the DATA REGISTER. (The DATA REGISTER is 
automatically addressed when DIR is active, unless 
overriden by AO.) 


3 


4 


DATA-IN 


DIA 


This output is active low when WE Is made low while 
the DATA REGISTER Is addressed. (Can be used for 
handshake.) 






ACKNOWLEDGE 
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PIN NO. 








WD2001 


WD2002 


PIN NAME 


SYMBOL 


FUNCTION 


28 


40 


DATA-OUT REQUEST 


DOR 


This output is active liigh when the DEB chip is 
requesting that a byte of the DATA WORD be read ifrom 
the DATA REGISTER. (The DATA REGISTER is 
automatically addressed when the DOR is active, unless 
overridden by AO.) 


4 


5 


DATA-OUT 
ACKNOWLEDGE 


DOA 


This output is active low when RE is made low while the 
DATA REGISTER Is addressed. (Can be used for hand- 
shake.) 


22 


33 


KEY PARITY ERROR 


KPE 


This output is active low when enabled via the COM- 
MAND/STATUS REGISTER BIT 2 (KEOE) and a parity error 
has been detected during loading of the KEY REGISTER. 


20 
23 

N/A 


31 
34 

37 


COMMAND REGISTER 
PIN SELECT 

ACTIVATE 

KEY ERROR 
OUTPUT ENABLE 


CRPS 
ACT 

KEOE 


This input selects DAL bus or input pin programming of 
the COMMAND/STATUS REGISTER. CRPS high or open 
selects DAL bus programming. CRPS low selects Input 
pin programming. 

When CRPS Is high or open, this pin is an output 
reflecting the status of the ACTIVATE bit (bit 1) of the 
COMMAND/STATUS REGISTER. When CRPS is low, this 
pin is an input that overrides the ACTIVATE bit of the 
COMMAND/STATUS REGISTER. 
This output Indicates the status of the KEY ERROR 
OUTPUT ENABLE bit (bit 2) of the COMMAND/STATUS 
REGISTER. This output is active when input pin 
programming Is selected (CRPS low). This pin Is available 
on the WD2002 40 pin package version only. 


24 


35 


ENCRYPT/DECRYPT 


E/D 


When CRPS is high or open, this pin is an output 
reflecting the status of the ENCRYPT/DECRYPT bit (bit 3) 
of the COMMAND/STATUS REGISTER. When CRPSjs 
low, this pin Is an Input pin that oven-ides the EN- 
CRYPT/DECRYPT bit of the COMMAND/STATUS 
REGISTER. 


N/A 


25 


DUAL PORT SELECT 


DPS 


When this input is high or open, single port operation is 
selected and all DES chip transfers are via the DAL bus. 
When DPS Is low, dual port operation is selected and both 
the DAL bus and the CDP bus are used [separate busses 
for clear data (DAL bus) and cipher data (CDP bus)]. This 
pin Is available on the WD2002 40 pin package version 
only. 



NOTE: The WD2001 28 pin package version does not have the following pins: 
The 8 CDP pins, the KEOE pin, and the DPS pin. 
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ORGANIZATION 

The Data Encryption Standard chip consists of a56-blt KEY 
REGiSTER, a 64-bit DATA REGISTER, an 8-bit COM- 
MAND/STATUS REGISTER, plus the necessary logic to 
check KEY parity and implement the NBS algorithm. A 
typical system implementation is shown on page 10 and 
the block diagram is shown on page 1. Although the DES 
chip interfaces to a wide variety of processors including 
mini-computers, the interface Is tailored to the 8080A class 
microprocessor. 



BIT 
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KEY REGISTER 
(LOAD ONLY) 



GENERAL OPERATING DESCRIPTION 

The user programs the DES chip for encryption or 
decryption, and single or dual port operation.* Data is 
encrypted/decrypted with a 64-bit user defined KEYWORD. 
Data encrypted with & given KEY WORD can be decrypted 
only using that KEY WORD. The KEY REGISTER is loaded 
by the computer with eight successive 8-blt bytes. Parity is 
checked on each byte of the KEY WORD as It is loaded into 
the KEY REGISTER (The 8th bit (DALO) of each 8-blt byte Is 
reserved for odd parity for that byte and is not used In the 
algorithm calculation.) Similarly the DATA REGISTER Is 
loaded with eight successive 8-bit bytes. The DATA 
REGISTER Is read by reading eight successive 8-blt bytes. 

When the DES chip Is programmed for encryption, the 
DATA REGISTER Is loaded with eight bytes of plain or clear 
text. The DES chip encrypts the data, then the encrypted 
data may be read from the DATA REGISTER (64-blts of 
encrypted text). When the DES chip Is programmed for 
decryption, the DATA REGISTER is loaded with eight bytes 
of encrypted or cipher text. The DES chip decrypts the data, 
then the plain text may be read from the DATA REGISTER 
(64-bits of plain text). Note that all transfers to and from the 
KEY REGISTER and/or DATA REGISTER must occur In 
eight successive d-blt bytes. 

*Note: Dual port operation available with WD2002 40 pin 
package version only. (Single and dual port 
operation is described In detail under PART V. 
OPERATION.) 



REGiSTER DESCRIPTION 

The following describes the KEY, DATA, and COM- 
MAND/STATUS REGISTERS of the DES chip. 

Key Register 

This 56-bit register contains the KEY by which the Data 
Encryption Algorithm operates. Eight successive bytes are 
needed to load the KEY REGISTER. The KEY REGISTER 
can be loaded only when there is a KEY REQUEST (Status 
bit and output). THIS REGISTER IS LOAD ONLY AND 
CANNOT BE READ. 



Data Register 

This 64-bit register contains plain or cipher text. When in 
the encrypt mode, the DATA REGISTER is loaded with plain 
text, and when read contains cipher text. When in the 
decrypt mode, the DATA REGISTER is loaded with cipher 
text, and when read contains plain text. The DATA 
REGISTER Is always read or loaded with eight successive 
byte transfers. The DATA REGISTER can be loaded only 
when there Is a DATA-IN REQUEST (status bit and output); 
similarly the DATA REGISTER can be read only when there 
is a DATA-OUT REQUEST (status bit and output). 
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0 



DATA REGISTER 



Command/Status Register (C/S R) 
This 8-bit register controls the operation of the DES 
chip and monitors its status. Bits 7, 6, 5 and 4 are 
status-only bits (read only). Bits 3, 2 and 1 are 
COMMAND/STATUS bits (read/write). Bit 0 is not 
used. The COMMAND/STATUS bits (bits 3, 2, and 1) 
are normally loaded only once for an entire encrypt or 
decrypt process. 



7 

DOR 


6 
DIR 


5 
KPE 


4 

KR 


3 

E/D 


2 

KEOE 


1 

ACT 


0 
N/U 


STATUS BITS 
(READONLY) 


COMMAND STATUS 
BITSr READ"! 

[write J 





COMMAND/STATUS REGISTER 
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COMMAND/STATUS REGISTER (C/S R) 



Bit 


Name 


Function 


C/S RO 


NOT USED 




CIS R1 


ACTIVATE 


This bit must be set from '0' to '1' to initiate loading the KEY 
REGISTER. This bit must be '1 ' for encrypt /decrypt operation. This is 
a read/write bit. 


C/S R2 


KEY ERROR OUTPUT ENABLE 

(KEOE) 


When '0', the KEY PARITY ERROR output pin (KPE) remains inactive 
regardless of the status of the KEY PARITY ERROR bit (bit 5). When 
'1', the KEY PARITY ERROR output pin Is active when the KPE bit 
(bit 5) is 1 . This bit is set to 1 upon a mastch RESET. This Is a 
read /write bit. 


C/S R3 


ENCRYPT/ DECRYPT (E/D) 


When '0' data is to be encrypted. When '1' data Is to be decrypted. 

This is a read/write bit. 


C/SR4 


KEY REQUEST (KR) 


This bit is set one clock period after the ACTIVATE bit is set (from 
'0' to '1 '). It Is reset upon loading of the 8th and final byte of the KEY 
REGISTER. This Is a read only bit. 


C/S R5 


KEY PARITY ERROR (KPE) 


This bit Is set Internally upon detection of a parity error during 
loading of the KEY REGISTER. It is reset when the ACTIVATE bit is 
programmed from '1' to '0' (i.e., chip is deactivated). This is a read 

oniy bit. 


C/S R6 


DATA-IN REQUEST (DIR) 


This bit is set upon either: 

a) Completion of KEY REGISTER loading - or - 

b) Completion of DATA REGISTER reading, (ie, the last DATA-OUT 
REQUEST has been serviced by an 8-byte read and the DATA 
REGISTER is now empty and ready to be loaded with the next 
DATA WORD). 

it is reset upon loading of the 8th and final byte of the DATA 
REGISTER. This is a read only bit. 


C/S R7 


DATA-OUT REQUEST (DOR) 


This bit is set upon completion of the internal encrypt /decrypt 
calculation of a DATA WORD. It is reset upon reading of the 8th and 
final byte of the DATA REGISTER. This is a read only bit. 



Note: All bits of the COMMAND/STATUS REGISTER are reset to '0' upon MASTER RESET, except bit 2 (KEOE) 
which is set to '1' and bit 0 (not used) which will read '1' by default during a COMMAND/STATUS REGISTER 
read. 
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DETAILED OPERATING DESCRIPTION 

j£ The DES chip is initiated by programming a '1' in the 
5 ACTIVATE bit of the COMiVIAND/STATUS REGISTER. 

§The DES chip wiii respond by activating the KEY 
REQUEST (KR) bit (bit 4) of the STATUS REGISTER 
^ and the KEY REQUEST output. 

^ The user must deactivate AO (allowing the chip to 
S internally address the KEY REGISTER), and load the 
g KEY REGISTER with the 64-bit KEY WORD. The KEY 
lO REGISTER is loaded with 8 consecutive 8-bit bytes by 
activating WE 8 times (with CS active). 

When WE Is made active, the DES chip deactivates the 
KR output. When WE is deactivated, the KR output is 
again activated. The DES chip will activate 8 KEY 
REQUESTS in this fashion until the KEY REGISTER is 
full. 

Also, when WE is made active, the DES c hip responds 
by activating the KEY ACKNOWLEDGE (KA) output. 
Thus, 8 KA activations will be made. 

The KR and KA outputs can be used for asynchronous 
handshaking (as in DMA control) or further activations 
following the first KR can be ignored and the KEY 
REGISTER can be loaded in a synchronous (pro- 
grammed i/0) manner via 8 successive activations of 
WE. 

Each byte of the KEY WORD is checked for odd parity 
as it is loaded, if a parity error is found, the chip will 
set the KEY PARITY ERROR (KPE) bit (bit 5) of the 
COMMAND/STATUS REGISTER. If the KEY ERROR 
OUTPUT ENABLE bit (bit 2) of the COMMAND/ 
STATUS REGISTER has been set, the DES chip wiii 
also activiate the KPE output. The KPE bit will be reset 
when the ACTIVATE bit is re-programmed to a '0'. 

After loading the last (8th) byte of the KEY WORD into 
the KEY REGISTER, the DES chip will set the DATA-IN 
REQUEST bit (bit 6) of the STATUS REGISTER and 
activate the DATA-IN REQUEST (DIR) output. The 
64-bit DATA WORD must then be loaded into the DATA 
REGISTER. The DATA REGISTER is loaded in the same 
manner as the KEY REGISTER via 8 successive 
activations of DATA-IN REQUEST (DES output), WE 
(DES input, and DATA-IN ACKNOWLEDGE (DES 
output). 

After the last (8th) byte of the DATA WORD has been 
loaded, the chip begins the internal calculation of the 
NBS algorithm. Upon completion of the calculation, 
the new data is internally loaded into the DATA 
REGISTER, and the DES chip sets the DATA-OUT 
REQUEST bit (bit 7) of the STATUS REGISTER and 
activates the DATA-OUT REQUEST (DOR) output. The 
DATA WORD must then be read from the DATA 
REGISTER. The DATA REGISTER is read in the same 
manner as it was loaded via 8 successive activations of 
DAT A-OUT REQUEST (DES outp ut), RE (DES input), 
and DATA-OUT ACKNOWLEDGE (DES output). 



Again, for both data-in and data-out, further 
activations of the DIR, DOR and dIa, DOA outputs, 
after the first request, can be ignored and the DATA 
REGISTER loaded (read) by 8 successive activations 
of WE (RE). 

After the last (8th) byte of the DATA REGISTER has 
been read, the DES chip will reactivate the DATA-IN 
REQUEST. This cycle of loading the DATA REGISTER, 
internal algorithm calculation, and reading the new 
data from the DATA REGISTER can continue in- 
definitely until all desired data has been encrypted or 
decrypted with the current KEY WORD. 
After all desired data has been encrypted /decrypted 
with the current KEY WORD, the ACTIVATE bit of the 
COMMAND/STATUS REGISTER should be program- 
med to '0'. When the ACTIVATE bit has been reset to 
'0', an unauthorized user will not have access to the 
last KEY loaded into the DES chip since to resume 
operation, the ACTIVATE bit must be programmed to 
'1 ' which activates KEY REQUEST and a new KEY must 
be loaded before access to the DATA REGISTER is 
possible. 

To encrypt plain data, plain data is loaded into the 
DATA REGISTER, and e ncrypted d ata Is read from the 
DATA REGISTER. (The ENCRYPT/ DECRYPT bit (bit 3 
of the COMMAND/STATUS REGISTER) must have 
been previously programmed to '0'.) 
To decrypt encrypted data, encrypted data is loaded 
Into the DATA REGISTER, an d plain da ta is read from 
the DATA REGISTER. (The ENCRYPT/ DECRYPT bit 
must have been previously programmed to '1'.) 

Note: If it is desired to switch from encrypt to decrypt 
(or vice versa) under the same KEY WORD, this 
can be accomplished before a DATA WORD 
transfer is initiated. By making AO high, the 
DES chip will override the internal addressing of 
the DATA REGISTER, and address the COM- 
MAND/STATUS REGISTER. The COMMAND/ 
STATUS REGISTER can be re-programmed. 
When AO is returned to a low state, the 
DES chip will internally address the DATA 
REGISTER awaiting loading of the next DATA 
WORD. 

DUAL PORT OPTION 

(Available on WD2002 40 Pin Version Only) 

When the DUAL PORT SELECT (DPS) input is high or 
left open (ie., single port operation is selected), all 
transfers to/from the DES chip are via the DAL bus. 
The CDP bus is not used and remains three-stated. 

When DPS is made low (ie., dual port operation is 
selected), all transfers to/from the COMMAND/ 
STATUS REGISTER, and transfers to the KEY 
REGISTER are still via the DAL bus. Clear DATA 
WORDS are also transferred via the DAL bus. However, 
cipher DATA WORDS are now transferred via the CDP 
bus. This provides separate busses for clear and 
ciphered text. 
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Encryption during dual port operation requires loading 
clear data via the DAL bus, and reading cipher data via 
theCDPbus. 

Decryption during dual port operation requires loading 
cipher data via the CDP bus, and reading clear data via 
the DAL bus. 

COMMAND SELECT OPTION 

When the COMMAND REGISTER PIN SELECT(CRPS) 
input is made low, the ACT and E/D pins are 
enabled as Inputs. These inputs override bits 1 and 3 
(respectively) of the COMMAND/STATUS REGISTER. 
This allows input pin control of the DES chip. The 
KEOE bit (bit 2) of the COMMAND/STATUS REGISTER 
will be held to '1'. 

Input AO will be disregarded In this mode of operation, 
and the COMMAND/STATUS REGISTER cannot be 
accessed via the DAL lines. 

Note that the ACT pin must be toggled from '1' to a '0' 
to clear a parity error detection in this mode of 
operation. 

All other operation remains as described previously. 




YES 
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MAXIMUM RATINGS 



Vdd with Respect to Vss (Ground) +15 to - 0.3V Storage Temp. Ceramic -65° C to +150°C 

Max. Voltage to any Input with Respect to Vss +15 to - 0.3V Plastic -55' C to +125''C 

Operating Temperature O'C to ZO'C 

Power Dissipation 1 W 



OPERATING CHARACTERISTICS 

ta = o-c to zee, Vdd = +12.0V + .ev, vcc = + s.ov ± .25v, vss = ov 



SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNITS 


CONDITIONS 


ILI 


Input Leakage 






10 


uA 


V|N = Vdd 


ILO 


Output Leakage 






10 


uA 


VOUT = Vcc 


•ccave 


Vcc Supply Current 




68 


100 


mA 




Iddave 


Vdd Supply Current 




17 


25 


mA 




V|H 


Input High Voltage 


2.4 






V 




V|L 


Input Low Voltage (All Inputs) 






.8 


V 




VOH 


Output High Voltage 


2.8 






V 


IQ = -100uA 


Vol 


Output Low Voltage 






.4 


V 


lO = 1.6 mA 



2001/2002-05 500KHZ CLOCK 
AC CHARACTERISTICS 

Ta = 0*Cto70'C,VDD = -t- 12.0V ± 0.6V, Vss = OV.Vcc = +5.0 ± .25V 



SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNITS 


CONDITIONS 


READ 














Tags 


AO, CS Set up to REi 


100 






ns 




trdv 


RE i to DAL (CDP) Valid 






500 


ns 


ClOAD = 50PF 


trd 


RE Pulse Width 


500 






ns 




tdf 


RE t to DAL Float 


50 




250 


ns 




tach 


AO, CS Hold From RE t 


0 






ns 




WRITE 














Tags 


AO, CS Set up to we; 


100 






ns 




tdvw 


DAL (CDP) Set up to WE t 


300 






ns 




TWR 


WE Pulse Width 


300 






ns 




tdh 


DAL (CDP) Hold From WTt 


90 






ns 




Tach 


AO, CS Hold From WE t 


0 










hand- 
shake 














To 


KR (DIR) i, KA (DIA) i From WE 4 
KR (DIR) t, KA (DIA) t From WE t 
DORi, DOAIFrom RE 4 
DORt,DOAtFromREt 




450 


700 


ns 


ClOAD = 50PF 



NOTE: All output timing specifications reflect the following: High Output 2.0V 

Low Output 0.8V 
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2001/2002-20 2MHz CLOCK 
AC CHARACTERISTICS 

ta = cctoyco, vdd = +12.0V ± cev.vss = ov.vcc = +5.0 ± .25V 



SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNITS 


CONDITIONS 


READ 














Tags 


AO, CS Set up to RE4 


80 






ns 




Trdv 


REUo DAL (GDP) Valid 






330 


ns 


ClOAD = 50PF 


trd 


RE Pulse Width 


330 






ns 




tqf 


Re t to DAL Float 


30 




200 


ns 




tach 


MU, Oo nOIQ riOm nt T 


0 






ns 




WRITE 














Tags 


AO, CS Set up to WE i 


80 






ns 




Tdvw 


DAL (GDP) Set up to WE t 


200 






ns 




TWR 


WE Pulse Width 


200 






ns 




Tdh 


DAL (GDP) Hold From WE t 


90 






ns 




tagh 


AO, CSHold FromWEt 


0 










HAND- 
SHAKE 














To 


KR (DIR) I, KA (DIA) 4 From WE i 
KR (DIR) t, KA (DIA) t From WE t 
DOR i,D5A* From RE 4 
DOR t,£55At From REt 




300 


450 


ns 


ClOAD = 50PF 



NOTE: All output timing specifications reflect the following: High Output 2.0V 

Low Output 0.8V 



2001/2002-30 3MHz CLOCK 
AC CHARACTERISTICS 

Ta = 0°Cto70''C,VDD = + 12.0V ± 0.6V, Vss = OV, Vqc = +5.0 ± .25V 



SYMBOL 


CHARACTERISTIC 


MIN. 


TYP. 


MAX. 


UNITS 


CONDITIONS 


READ 














Tags 


AO, CSSetuptoREi 


50 






ns 




Trdv 


RE 1 to DAL (GDP) Valid 






220 


ns 


ClOAD = 50PF 


Trd 


RE Pulse Width 


300 






ns 




Tdf 


REt to DAL Float 


20 




130 


ns 




Tagh 


AO, CSHold From REt 


0 






ns 




WRITE 














Tags 


AO, CSSet up to WE i 


50 






ns 




Tdvw 


DAL (GDP) Set up to WE t 


130 






ns 




TwR 


WE Pulse Width 


175 






ns 




Tdh 


DAL (GDP) Hold From WE t 


60 






ns 




Tach 


AO, CSHold From WE t 


0 










HAND- 
SHAKE 














Td 


KR (Dl R) i, KA (DiA) i From WE i 
KR (DIR) t, KA (DIA) t From WE t 
DOR i, DOA I From RE 1 
DORt, DOA t From REt 




150 


300 


ns 


ClOAD = 50PF 



NOTE: All output timing specifications reflect the following: High Output 2.0V 

Low Output 0.8V 
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TYPICAL KEY OR DATA REGISTER LOAD 
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TYPICAL DATA REGISTER READ & TIMING 
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MISCELLANEOUS TIMING 

1. CLOCK INPUT 



FREQUENCY 


PULSE WIDTH 


MAX. 


MIN. 


MIN 


500KHZ 


100KHZ 


5CX)nsec 


2 MHz 


100KHZ 


250nsec 


3 MHz 


100KHZ 


165nsec 



2. MASTER RESET PULSE WIDTH: 10 Clock Periods 

3. Time between consecutive RE or WE pulses: 
Tbr = Tbw = 2 CLOCK PERIODS MINIMUM 

4. ACT, E/D, KEOE OUTPUTS 

These _p[ns will be valid within 2 CLK4 +450 nsec 
from WE t of a COMMAND REGISTER write 
oper ation. 

5. KPE OUTPUT 

This pin_will be active within 2 CLK i +450 nsec 
from WE t of a write of a KEY WORD byte that 
results in a parity error. 

6. CRPS, DPS, E/D INPUTS require a 300 ns set-up 
time. 

7. The initial KR activation will be valid within 3 CLK 
I +450 nsec from WE t of a write operation that 
programs a '1' into the COMMAND REGISTER 
ACTIVATE bit (o r 2 CLK I +450 nsec from ACT 
input t, if CRPS = 0). 

8. The initial DIR activation will be valid within 2 CLK 



i +450 nsec from WE t of the 8th write into the 

KEY REGISTER. 
9. The initial DOR activation will be valid within 49 

CLK i +450 nsec from WE t of the 8th write into 

the DATA REGISTER. 
10. When reading the DATA REGISTER (in response to 

DOR), subsequent data bytes are made available 

internally to the DAL {CDP) output buffers within 2 

CLK i +450 nsec from RE t 
NOTE: All output timings assume Cload = 50 PF 

TYPICAL application 

Shown below is a block diagram for a floppy disk 
based DES secure smart terminal. The Direct Memory 
Access (DMA) controller optimizes data transfer 
operations for not only the floppy but also for file 
encryption and decryption operations. Secure features 
for the terminal include: secure file storage on floppy 
disks, optical clear/secure transmission via the com- 
munications I/O and battery backup of the Terminal ID 
key. 

Tampering with the Terminal by unauthorized persons 
either through the key board power supply interrupt 
interlock or attempting to open the service panel 
results in memory scrambling and terminal ID key 
destruction. Finally, a hardware option was also In- 
cluded to allow the use of the pin compatible WD1933 
device in place of the WD1931 for bit oriented SDLC, 
HDLC, or ADCCP protocols. 



SYSTEM 
CLOCK 



PWR SUPPLY & 
BATTERY 



CRT 
CONTROLLER 



WD2001 
DES 



DIVI1883 
DMA 



FD1791 
FDC 



WD1931 
SYNC/ASYNC I/O 

WDig33 
SDLC/HDLC*\DCCP 



KEY BOARD 



FLOPPY 
DISK 
DRIVE 



MODEM 



Block Diagram: Secure Smart Terminal 
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See page 725 for ordering information. 



Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for Its use; nor for any infringements of patents or other rights of third parties which may result from Its use. No license Is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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Printed in USA 



WESTERN DIGITAL 

CORPORAT/ON 

WD2001/2 Applications Note 
"One Bit Cipher Feedbacl^ in A Synchronous System" 



DNTRODUCTION 

The WD2001/2 Data Encryption device interfaces easily to 
both microcomputer and hard-wired logic circuits. This Ap- 
plications Note provides suggestions for the implementation 
of a synchronous circuit to perform system timing in a one bit 
cipher feedback application. 

SYSTEM TIMING CONSIDERATIONS 

The synchronous operation of a digital circuit often leads to 
both minimal hardware count and simple, easy to understand 
timing relationships. In addition, the concern over individual 
device characteristics become non-critical through the use 
of a worst case design approach. Common problems such 
as race conditions and temperature sensitivity can be vir- 
tually eliminated by synchronizing all logical events to a well 
defined clock edge. 



WD2001/2 TIMING REQUIREMENTS 

The WD2001/2 may be operated from a 2 MHZ clock. This 
provides a fundamental time period of 500 nSec that easily 
fits into the timing requirements for the device. For example, 
the minimum pulse width for a read (RD) or write (WR) pulse 
Is 450 nSec. 

Generation of the RD or WR pulse can be directly obtained 
from a synchronous device that transitions at each edge of 
the synchronous clock (SYNCLK). Figure 1 illustrates the 
timing relationship between SYNCLK and RD or WR. 

Once the timing relationship is understood, the implementa- 
tion becomes quite straightforward. The circuit of Figure 2 
suggests a possible method of RD or WR generation. 



H 500 L-_ 
NSEC y*^ 



"RDOR WR 



"1 



T1 T2 T3 T1 T2 



J L 



Figure 1 SYNCLK, RD, AND WR TIMING RELATIONSHIPS. 
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RIPPLE OUT 
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SYNCHRONOUS 
COUNTER 



T STATE COUNTER STATE QB QA 



RD OR WR 



Figure 2 RD AND WR TIMING GENERATION 



FUNDAMENTAL TIMING SEQUENCES 

Any cryptographic implementation using the Data Encryption 
Standard (DES) can be broken down into four fundamental 
timing sequences. First, the key is loaded into the WD2001/ 
2 (Load Key). Second, the data to be encrypted or decrypted 
is loaded into the device (Load Data). Next, the DES is exe- 
cuted. Finally, the result of the DES is unloaded from the 
WD2001/2 (Unload Data). Figure 3 lists the timing require- 
ments for each timing sequence. 



The Load Key, Load Data, and Unload Data sequences are 
highly similar. Figure 4 shows the logical flow associated 
with the Key Load or Data Load, or Data Unload. The Data 
Encryption Algorithm sequence can be derived from the tim- 
ing associated with the other three sequences. For simplicity, 
the DES timing is accomplished by counting groups of three 
clock periods in a fashion similar to the method shown in 
Figure 4. The logical flow for the DES timing is shown in Fig- 
ure 5. 



SEQUENCE 


NUMBER OF CLOCK PERIODS 


TOTAL 


Load Key 


8 bytes x 3 clocks 


24 


Load Data 


8 bytes x 3 clocks 


24 


DES 


17x3 clocks 


51 


Unload Data 


8 bytes X 3 clocks 


24 



Figure 3 FUNDAMENTAL TIMING SEQUENCES 
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( Load or Unload ) 



RDORWR = 0 



RDORWR = 1 



RD OR WR = 1 



IS COUNT 
= 7 ? 




INCREMENT 
COUNT 



Figure 4 KEY LOAD, DATA LOAD, 
AND DATA UNLOAD FLOW 



( PES j 



IS COUNT 
= 17? 




INCREMENT 
COUNT 



Figure 5 DES LOGICAL FLOW 



SYSTEM TIMING OVERVIEW 

The normal operation of a cryptographic system would re- 
quire three classes of input/output (I/O) operations with the 
WD2001/2. First, the key is loaded (Key Load) through eight 
consecutive write cycles. Second, the data to be encrypted 
or decrypted Is loaded (Load Data) In a similar fashion. After 
the Data Encryption standard is completed, the data is un- 
loaded (Unload Data) through eight consecutive read cycles. 
Typically, the Key Load sequence would occur much less 
frequently than the Load Data or Unload Data sequences. 

The flow diagram of Flgure.6 shows the relationship between 
the four fundamental timing sequences defined previously, 



and also highlights the three I/O operations. Note that the 
Key Load sequence is outside of the tight loop. 

Using the four fundamental timing sequences as logical 
building bloclts, a functional b\odn diagram of system timing 
can be designed. Figure 7 illustrates the overall system tim- 
ing functions. 

An implementation of the functions shown in Figure 7 is sug- 
gested in Figure 8. Note that all timing transitions are syn- 
chronous with the rising edge of SYNCLK. 

Figure 9 details the timing of the Load Key sequence, and is 
similar to the Load Data, Unload Data, and DES sequences 
also. 
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( BEGIN ) 



I/O DATA LOAD 



I/O DATA UNLOAD 



■ IS THERE 
MORE DATA? 




IS THERE 
A NEW KEY? 




Figure 6 FUNDAMENTAL TIMING SEQUENCES INTERRELATIONS 
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(8 X 3) 


(8 X 3) 
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Figure 7 SYSTEM TIMING BLOCK DIAGRAM 
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1 . KEYLOAD RQ AND DATA RQ DO NOT OCCUR 
SIMULTANEOUSLY. 

2. ALL J-K PRESETS TO +5V. 

3. ALL J-K CLEARS TO "RESET". 

4. RESET SHOULD LOAD ALL 74LS163 COUNTERS. 

Figure 8 SYSTEM TIMING IMPLEMENTATION 




Figure 9 SINGLE KEYLOAD SEQUENCE 
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ONE BIT CIPHER FEEDBACK 

The one bit cipher feedbacl< (OBCFB) architecture is widely 
used in Data Communications. The WD2001/2 device, when 
operated with a 2 MHZ clock, will run at an effective bit rate 
of over 19,200 bits/second, which is the practical upper limit 
of many communications links. 

FUNDAMENTAL LOGICAL COMPONENTS OF OBCFB 

A one bit cipher feedback system can be broken down Into 
nine logical components, as listed in Figure 10. 



NAME 


DESCRIPTION 


KEY 


56 bit number that maps INV to OV 


IV 


Initialization Vector 


INV 


Input Vector 


DES 


Data Encryption Standard 


ov 


Output Vector 


SDI 


Serial Data In 


SDO 


Serial Data Out 


SR 


Shift Register (used with INV) 


MOD2 


Modulo 2 Adder 



Figure 10 

NINE FUNDAMENTAL COMPONENTS OF OBCFB 

FUNCTIONAL DESCRIPTION OF OBCFB 

The OBCFB algorithm operates 9n a one bit wide data input, 
hence it is ideally suited to serial Data Communications ap- 
plications. In encryption mode, the serial data in is added 
modulo 2 with the most significant bit (msb) of the 64 bit out- 
put vector. The result of this operation is then fed into the 
least significant bit (Isb) of a 64 bit shift register, and also is 
used as the serial data output. The shift register is then 
shifted from the Isb to the msb, and the result becomes the 
next input vector. After the Data Encryption Standard is 
completed, the process is repeated again for the next single 
bit of serial input data. Because each serial data bit requires 
an entire 64 bit INV and OV, the effective bit rate of this op- 
eration is 64 times less than that of a operation which uses 
all 64 bits of the OV, such as Code Book. Figure 11 shows a 
block diagram of a OBCFB circuit operating in encryption 
mode. 

To decrypt, the operation is changed in one way. Instead of 
feeding the result of the modulo 2 adder to the shift register, 
the unmodified serial data is used. All other operations are 
identical. Figure 12 shows a circuit which supports both en- 
cryption and decryption. 

Because the OBCFB algorithm uses a 64 bit shift register on 
the INV, each SDO bit is a function of its corresponding SDI 
bit and the 64 previous operations. This Implies that the past 
history of the encryption operation is necessary to initialize 
a system. The IV is used to supply the history required to al- 
low immediate use of the OV from the DEA. Typically, the IV 
is either a predefined value, or the last 64 SDO bits from the 
data stream being encrypted or decrypted. This allows the 
encryption process to be accomplished with discrete blocks 



of data, and hence the WD2001/2 can be used in a multi- 
channel communications environment. 

In OBCFB, the WD2001/2 is always set to encrypt mode. 
The selection of either the SDI as the feedback element to 
the shift register, or the SDO as the feedback element, de- 
termines whether the incoming data is encrypted or 
decrypted. 

Another factor Involved with OBCFB is the propagation of er- 
rors through a 64 bit block of data. Because of the 64 bit shift 
register that feeds the INV, a single bit error will cause the 
following 63 bits to be in error also. After the last bit of the 64 
erred bits, the data will become resynchronlzed and the ef- 
fect of the shift register will no longer cause bad data. 



msb 64 BIT SHIFT REGISTER 



(INV) 



Isb 



DES (WD2001/2) 



msb 
of 
OV 



SDI 



Modulo 2 
Adder 



SDO 



Figure 11 OBCFB ENCRYPTION BLOCK DIAGRAM 
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OV 



SDI 



T-0 



ENCRYPT/DECRYPT- 



2 : 1 
MUX 



SDO 



SDO if ENCRYPT 
SDI if DECRYPT 



Figure 12 

OBCFB ENCRYPTION/DECRYPTION BLOCK DIAGRAM 
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ONE BIT CIPHER FEEDBACK IMPLEMENTATION 

Since the WD2001/2 is a byte input/output oriented device, 
the impiementation of a OBCFB circuit can be accompiished 
without the 64 bit shift register shown in Figures 11 and 12. 
Through the use of a 9 bit wide FIFO, a "virtual" 64 bit shift 
register can be built. Figure 13 illustrates this with a Western 



Digital FR1502 FIFO and some common TTL logic. 

Once the modulo 2 adder, the encrypt/decrypt selector, and 
thQ shift register are defined, the overall circuit can be gen- 
erated by combining these pieces along with the logic shown 
in Figure 8. The overall block diagram of the one bit cipher 
feedback system Is given In Figure 14. 
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IRS 
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0R4 
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T1 UNLOAD SHIFT REG 



T2 LOAD SHIFT REG FROM FIFO 



T3 SHIFT RIGHT 



(msb) D7 06 05 D4 D3 D2 D1 DO (Isb) 



Tl LOAD FIFO FROM WD2001/2 



■ VIRTUAL" 64 BIT SHIFT REGISTER 



Figure 13 "VIRTUAL" 64 BIT SHIFT REGISTER 
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Figure 14 OBCFB SYSTEM BLOCK DIAGRAM 



CONCLUSION 

The WD2001/2 device lends itself readily to the most com- 
mon of all Data Communications encryption techniques. The 
one bit cipher feedbacl< algorithm can be implemented easily 
through the use of synchronous timing generation and circuit 
design techniques. 

See page 725 for ordering Inforniation. 



RELATED DOCUMENTS 

WD2001/2 Data Sheet, Western Digital Corporation 
FIPS 46 

Federal Information Processing Standard 
National Bureau Of Standard 
Department of Commerce 



Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for Its use; nor for any infringements of patents or other rights of third parties which may result from Its use. No license Is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 

specifications at anytime without notice. 
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WESTERN DIGITAL 

CORPORAT/ON 

Cipher Feedback Cryptography Technical Note 



CIPHER FEEDBACK CRYPTOGRAPHY 

The United States Government in proposed Federal Stan- 
dard 1026 describes three different approved ways of using 
the National Bureau of Standard's Data Encryption Standard 
(DES): Electronic Codebook; Cipher Feedbacl<; and Cipher 
Block Chaining. Western Digital's WD2001 and WD2002, as 
delivered, implement the DES in Electronic Codebook Mode. 
This Technical Note will describe how to build an "N" bit 
Cipher Feedback (CFB) circuit using the WD2001 . 



WHAT IS CIPHER FEEDBACK? 

Cipher feedback cryptography produces, as a function of 
previous cipher text, a pseudorandom bit stream which is 
added modulo 2 to the plain text to produce the next cipher 
text. 



DES IN CIPHER FEEDBACK (CFB) 

Obviously, both the receiver and transmitter must start their 
cryptographic operation with the same cryptographic keys to 
be able to acquire and maintain crytographic synchroniza- 
tion, i.e. produce the same pseudorandom bit stream at the 
same point in time. 



This output is stored in a shift register(S) with the most sig- 
nificant bit (MSB), to the left and the least significant bit on 
the right. 



The MSB of S is added modulo 2 to the first bit of plain text 
to produce the first cipher bit. The contents of R are shifted 
1 bit to the left and the just created cipher bit is inserted as 
the least significant bit (LSB) in R. The cipher bit is now avail- 
able for buffering, transmission, etc. 

The new contents of R are now loaded into the WD2001 as 
data, encrypted, and the new output placed in 8. 

The above procedure is repeated until the entire message 
text is encrypted, one bit at a time. 



DECRYPTION 

Decryption is accomplished in a similar manner: the IV is 
stored in R; loaded into the WD2001 as data; ENCRYPTED 
(even though the operation on the message text is to be 
decrypted); the results stored in S; and R shifted 1 bit to the 
left. Now, because the unit is receiving cipher rather than 
creating it, the first received bit is placed in the LSB of R. This 
cipher bit is also added, modulo 2, to the leftmost bit in S to 
reproduce the original plain text. 
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For DES this means that both the 64 bit cryptographic vari- 
able (56 bit key) and the initial input to the algorithm must be 
identical at both ends. The initial input to DES in CFB is 
called the Initializing Vector (IV). Its format and generation 
are described in detail in Federal Standard 1026. 

The functional description of using the WD2001 in CFB 
mode below assumes that communication synchronization 
has been achieved; that identical decrypted IV's and cryp- 
tographic keys are available to both the transmit and receive 
ends of the link; that encryption is to be a 1 bit cipher feed- 
back; and that the plain text character size (1 in the example) 
equals the transmitted character size (Method A in proposed 
Federal Standard 1026). 

ENCRYPTION 



NOTES 

Of particular significance is that the DES chip is in the 
ENCRYPT mode for CFB cryptography regardless whether 
the operation is to be performed to create cipher text or to 
recreate plain text. This is because the DES is being used to 
generate a pseudorandom bit stream. It is the exclusive OR 
operating on that bit stream and the received text which 
accomplishes the actual encryption/decryption of data. 

S was nominally defined to be 64 bits long. It need be no 
longer than the number of text bits to be exclusive OR'd at 
one setting of the pseudorandom stream. In the example it 
was one bit. In reality it could be any character or block size 
from 1 to 64 bits long. 



At time 0, the 64 bit cryptographic variable is loaded into the 
WD2001 with the key load sequence. A 64 bit block consist- 
ing of not more than 16 leading O's and the 48 bit (or longer) 
IV is loaded into a 64 bit shift register (R) and into the input 
register, as if it were data, and encrypted. The WD2001 will 
automatically encrypt the IV under control of the cryptovari- 
able and present a 64 bit block, 8 bits at a time as output. 



The convention used in this note is to organize a shift register 
with the MSB to the left. In practice, what is important is to 
use the MSB of S for the MOD 2 addition and to shift the R 
register content, so that the MSB is dropped and the cipher 
bit becomes the LSB. It is also important to perform the shift 
and generate a new pseudorandom block after each char- 
acter has been encrypted or decrypted. 
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OTHER CIPHER FEEDBACK METHODS 

Cipher Feedback can be done for any feedback size of 1 
through 64 bits. One bit cipher feedback has the overall ad- 
vantage of being transparent to the data being protected. 



CHARACTERISTICS OF CFB 

CFB has two properties which must be considered when se- 
lecting it for data encryption: 1) error extension and 2) self 
synchronization. Both of these properties exist because the 
encryption process synchronizes on the received cipher to 
produce the pseudorandom bit stream. 



In the case of DBS in one bit CFB, a one bit error in the re- 
ceived cipher message will affect the next 64 pseudorandom 
blocks — it will take 64 iterations to shift the one "bad" bit out 
of the 64 bit register above. If 8 bit CFB is used, then only 8 
blocks will be affected, but that will still represent 64 bits used 
to decrypt incoming data. 



In the same way, receiving 64 consecutive good bits of 
cipher will have filled the data-in register on the receiver end 
with the same 64 bits of data as In the transmit unit and 
proper decryption can again take place, assuming both ends 
have the same cryptographic key. This is what is meant by 
self -synchronizing. 



APPLICATIONS OF CFB 

In the data communications world error extension and self- 
synchronization are not important because of the excellent 
conditions of the lines and the protocols and error correcting 
codes used to insure proper receipt of data. In some appli- 
cations, these properties of CFB cryptography can be turned 
to the user's benefit. This is especially true in situations 
where the data stream contains highly redundant informa- 
tion, where an incorrect recovery of 64 bits is hardly 
noticed — particularly when compared with the overall com- 
munications benefit of having the cryptography automatically 
resynchronize itself. 



WD2001 CHARACTERISTICS IN CFB 

The WD2001 is rated as having 1 .304 megabits per second 
throughput when driven by a 2 IVIHZ clock. This figure is 
based on processing 64 bits of data at each operation. Using 
the WD2001 In an 8 bit cipher feedback circuit will reduce 
that to 163 kilobits per second. A 1 bit cipher feedback circuit 
would further reduce effective throughput to 20.385 kilobits 
per second. This Is true of any DES Implementation, The al- 
gorithm is designed to process 64 bits of plain (cipher) text at 
a time to produce 64 bits of cipher (plain) text; cipher feed- 
back is designed to operate on a basic character size and 
shift after that character has been encrypted. In the 1 bit 
case, the user "throws away" 63/64ths throughput capacity 
for each encryption. 



Information furnished by Western Digital Corporation Is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of Western [ligital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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WESTERN DiGtTAL 

CORPORAT/ON 

WD51 Irrigation Controller 



FEATURES 

o CONTROLS UP TO 6 IRRIGATION STATIONS 

« PUMP CONTROiyMASTER VALVE OUTPUT 

o USER PROGRAMMABLE FOR UP TO 3 WATERING 
CYCLES DURING A 24 HOUR DAY 
USER PROGRAMMABLE RUN TIMES OF 1 TO 99 MIN- 
UTES FOR EACH STATION 

<» USER SELECTION OF WATERING DAYS OF 0 TO 7 
DAYS PER WEEK 

II TIME OF DAY AND DAY OF WEEK CONTINUOUSLY 
DISPLAYED 

<i RAIN INHIBIT MODE 

• EASY TO DESIGN IN 



GENERAL DESCRIPTION 

Preprogrammed Controller for Irrigation Applications. 

The WD-51 is a single-chip controller preprogrammed to 
operate a 6 station irrigation system. It is implemented 
using P-channel silicon gate MOS/LSI technology and 
requires minimal support circuitry. All program and data 
storage are on-chip, as well as input switch matrix scan, 7 
segment display decode and drive, and output control 
logic. 

FUNCTIONAL DESCRIPTION 

The logic symbol and blocl< diagram of the WD-51 is 
shown in Figure 1 . 
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FIGURE 1 BLOCK DIAGRAM 
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PIN DESCRIPTION 



SYMBOL 


PIN NO. 


FUNCTION 


vss 


i 

1 


Positive Supply voltage 


VdD 


20 


Negative Supply voltage 


Seg A,B,C, 
D,E,F,G 


2-6, 39-40 


Decoded 7-Segment Multiplexed outputs, 
15 mA source. 


RESET 


8 


A low-level Input voltage resets internal logic and 
initializes RAM data. 


INO, 1N1, 1N2, 
1N3 


12-15 


Scanned inputs, 1 N3 is MSB 


STN 1,2,3, 
4,5,6 


17-19, 21-23 


Station Output control for solenoid drivers. 


PUMP 


24 


Pump control output- a high-level output indicates 
a manual or automatic cycle is in progress. 


60HZ 


26 


60 HZ time base input 


50HZ 


27 


50 HZ time base input 


DMUX 


30 


4-digit display control output 


D0-D7 


31-38 


Digit scan outputs, {D7=MSq, DO=LSd) 
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INPUTS 



INPUT SWITCH MATRIX— The WD-51 may be used with 
any switch configuration which is matrix compatible, such as 
a l<eyboard, rotary switch, slide switch, or combinations of 
both. All multiplexing and decoding is performed on-chip, 
thus requiring no external components, other than the switch 
matrix. 



SETTING DAY OF WEEK— If SET DAY is depressed in con- ^ 

junction with ADVANCE, the Day digit (D4) will increment, q 
with rollover from 7 to 1 . Note that since the day is numeri- 

cally displayed (as opposed to alphanumeric), the numbering — ^ 
is arbitary, i.e., if Sunday is considered to be "1", then 
Wednesday is "4", Friday Is "6", etc. 



DIGIT SCAN TIME OUTPUTS 
D7 D6 D5 D4 D3 D2 D1 DO 

(38) (37) (36) (35) (34) (33) (32) (31) 



INO 
(15) 
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#4 


RUNTIME 

#1 
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INPUTS 






SET 
HOURS 


ACTIVE 
DAY 
5 


ACTIVE 
DAY 
3 


START 
TIME 
#1 


RUN TIME 

#5 


RUNTIME 
#2 


IN2 
(13) 






SET DAY 


ACTIVE 
DAY 
6 


ACTIVE 
DAY 
3 


START 
TIME 
#3 


RUN TIME 
#6 


RUN TIME 
#3 


INS 
(12) 






SKIP 
-A-DAY 


ACTIVE 
DAY 
7 




MANUAL 
OFF 


MANUAL 
ON 


RUN 



FIGURE 3 INPUT SWITCH MATRIX 



The basic functions of the Irrigation Controller are selec- 
ted by one or more switches as defined in Figure 2. 
Inputs IN0-IN3 form a 4 bit wide input port which is 
scanned by the Digit Scan Outputs D0-D7, forming an 8 
X 4 matrix which connects to the user-supplied keyboard/ 
switches. 



SWITCH FUNCTIONS— The switch functions shown in Fig- 
ure 3 are defined as follows: 



ADVANCE — For all setting operations, a common key is 
used to increment the selected data (time, day, start-time, or 
run-time). Immediately after the detection of the advance 
switch, the data increments by 1, waits IV2 seconds, then 
begins incrementing at ttie rate of 3 per second. This allows 
the operator to move rapidly to the desired value without 
"overshooting" and then "tapping" the advance key when 
close to the find value. 

SETTING TIME OF DAY— Two separate switch inputs for 
setting hours and minutes in conjunction with the ADVANCE 
key. If SET MINUTES i;3 selected while ADVANCE is de- 
pressed, the minutes digifs (DO & D1) will increment. Minutes 
rollover is from 59 to 00 A-ith no carry into the hours. If SET 
HOURS is selected while ADVANCE is depressed, the hours 
digits (D2 & D3) will advance. Hours rollover is from 24 
to 01, with midnight equal to 2400. 



SETTING START TIMES— There are up to 3 automatic 
watering cycle times available in a 24 hour period. To ex- 
amine them, START TIME 1, 2, or 3 is selected and dis- 
played in hours on digits D7 and D6. If it is desired to change 
the data, the ADVANCE key is depressed. The rollover is 
from 24 to 00, with 00 being a start-time "skip" value. Thus 
1 , 2, or 3 cycles per day may be selected. 

SETTING RUN-TIMES— Each one of 6 stations may be set 
to a run time of 0 to 99 minutes, with 00 being a "skip station" 
value. To examine the stored data, the desired station RUN 
TIME key (1-6) is selected with the time in minutes being 
displayed on digits D7 and D6. To change the data, the AD- 
VANCE key is depressed. The selected run time will then 
increment with rollover from 99 to 00 minutes. 

SETTING ACTIVE DAYS— The WD51 reads active day in- 
formation from the switch matrix, with typically slide, toggle, 
or "DIP" switches being used. An automatic watering cycle 
may be set for 0 to 7 days a week simply by closing the 
switch for the respective day. An ALTERNATE DAY switch 
position is provided, which, when activated, causes the con- 
troller to ignore the 7 active-day switches and to run an 
automatic cycle every other day. 

MANUAL ON — This switch position immediately activates 
a timed watering cycle beginning with station No. 1, regard- 
less of the setting of the start-times or active days. The run 
times programmed for stations 1-6 are automatically run. 
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The cycle may be terminated anytime with the IVIANUAL OFF 
^ key. If it is desired to start with a specific station other than 
35 station No. 1, that station ONE-TIME-key should be de- 
O pressed first, then the manual key. The cycle will then begin 
52 at the selected station and continue through station No. 6. 

RUN MODE — This is the normal automatic operating mode 
of the Irrigation Timer. When in this mode, the START and 
RUN-TIME data cannot be displayed or modified, preventing 
accidental erroneous entry of data. 

RAIN INHIBIT (MANUAL OFF)— This switch is used to can- 
cel or prevent a watering cycle, either manual or automatic. 
When activated during a current cycle, it immediately turns 
off all station outputs and returns to a time-keeping mode 
only. With external signal conditioning circuitry, this input 
could be used to interface with a moisture or rain sensor. 
This function is normally implemented by paralleling a toggle 
switch ("rain") with a momentary key ("manual off"). 

3 STATION OPTION- By connecting IN3 to D5 through a 
diode, run times for Stations 4, 5 and 6 will be continuously 
set to zero, thus they will always be skipped. Also, if switch 
positions for Run Times 4, 5 and 6 are not provided to the 
user, these stations cannot be examined. 

RESET — This is the reset input of the micro-controller. An 
external capacitor of approximately 2 /xi is recommended 
between 8 and VDD to generate a reset signal when power 
is first applied. 

OUTPUTS 

DISPLAY SEGMENT OUTPUTS (SEG A-SEG F)— The 

WD-51 is designed to directly drive vacuum flourescent 
(V-F) displays or common-cathode LED displays up to 0.3 



The selected station (1-6) is shown in digit 05. The station 
number is displayed when a RUN-TII\/IE key is depressed or 
the controller is active during a manual or automatic watering 
cycle; othenwise a zero is displayed. 
The start time and run times are displayed in digits D6 
and D7. When any of the start-time switches are selected, 
the D6 and D7 digits display the hour of the day the 
watering cycle is to start. If a run-time switch is activated, 
the selected station run-time is displayed in a minutes 
format. During a manual or automatic watering cycle, the 
time remaining for the currently active station is displayed 
in minutes. Otherwise, 00 is displayed. 

STN1-STN6— The station outputs are latched logic outputs 
designed to control the solenoid drives in an irrigation sys- 
tem. These outputs are normally a low-level voltage (sole- 
noid drive is off). When a manual or automatic watering cycle 
occurs, the appropriate station output goes to a logic "high" 
voltage for the selected run-time interval. Station-to-station 
switching is essentially instantaneous. It is recommended 
that these outputs be buffered by a current driver to supply 
sufficient current for triacs, relays, or other high-power 
switching devices. 

PUMP CONTROL OUTPUT— This output is a latched logic 
output which is normally a logic "low" voltage for the pump 
off condition. It goes to a logic "high" voltage at the beginning 
of a watering cycle, either manual or automatic, and remains 
high until the last station goes off. With suitable buffering, this 
output may be used to turn a pump motor on and off when 
needed or simply to drive a "cycle on" LED status indicator, 
or to act as a "master valve" output. 

DMUX OUTPUT — This output, in conjunction with minimal 
external logic, provides a means of using a 4 digit display 
with the WD51. It is a logic high when a RUN-TIIVIE, START- 
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FIGURE 4 DISPLAY REGISTER 



inches. The seven segment outputs are high current outputs 
and are multiplexed in synchronization with DO - 07 with suf- 
ficient interdigit blanking to prevent "ghosting". The display 
register is shown in Figure 4. 

The time of day is displayed as a four digit number in 24 
hour format (9AM = 0900,5PM = 1700, MIDNIGHT = 
2400, etc.) and the day of the week is displayed as a 
number between 1 and 7. The time and day are continu- 
ously displayed regardless of the mode selection. Zero 
blanking is not provided for any of the digits. 



TIME, or SET-DAY key is depressed and a logic low voltage 
at all other times, hence it may be used to externally select 
digit times D4-D7 when high and D0-D4 when low. 

DEFAULT INITIALIZATION— Upon the occurrence of a 
RESET the micro-controller defaults to the following: Time 
of day to 12:00; day to 1; start time 1 to 0200 hours; start 
times 2 and 3 to 00; and run time 1-6 to 10 minutes each. 
Thus if power is lost to the microcomputer, a default program 
will be executed without user intervention. 
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SPECIFICATIONS 

Absolute maximum ratings indicate limits beyond which 
damage to the device may occur. DC and AC electrical 
specifications are not ensured when operating the device 
at absolute maximum ratings. 

ABSOLUTE MAXIMUM RATINGS 

Operating Free-Air Temperature 

T^ Range 0°C to 70°C 

Lead Temperature (Soldering, 10 sec.) 300°C 

Storage Temperature -65°C to +150°C (Ceramic) 

-55°Cto +125°C (Plastic) 



O 

U1 



Power Dissipation 2.5 Watt at 25°C 
Positive Voltage on any Pin with Respect to 
Vss: +0.3V 

Negative Voltage on any Pin with Respect to 
Vss: -20.0V 



EiLECTRICAL CHARACTERISTICS 

TA = 25°C, Vss-Vdd == 13.2V unless noted otherwise 



PARAMETER 


POM niTinMft 


MIN 


TYP 


MAX 


UNITS 


Operating Voltage 


All inputs and 


11.5 


13.2 


14.5 
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(Vss-Vdd) 


outputs open 










Operating Current 
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mA 


Input Voltage Levels 












All Inputs Except IN0-IN3 
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Inputs IN0-IN3 
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Vss-3.75 




Vss 
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Output Voltage Levels 












All Outputs Except D0-D7 












and SEG A-SEG G 












Logic High (Vqh) 


IOH = +100juiA Min. 


Vss- 10 




Vss 


V 


Logic Low (Vql) 


IOL = — 1-6 mA Min. 


Vdd 
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D0-D7 Outputs 












Logic High (Vqdh) 


lODH = 1 .5 mA-l-1 Input 
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lODH = 5.0 mA-t-1 Input 
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Note 1: Internal Pullup Resistors of Approximately 6K to Vss Across Each Input. 
Note 2: Internal Pulldown Resistors of Approximately 12K to Vdd Across Each Input. 
Note 3: Single Transistor to Vss Output Only. 
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FIGURE 6 WD51 WITH 4-DIGIT DISPLAY OPTION 
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See page 725 for ordering information. 
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implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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WESTERN OIG/TAL 

CORPORAT/ON 

WD55 Industrial Timer/Controller 



FEATURES: 

• LOW COST PREPROGRAMMED MICROCON- 
TROLLER 

• USEABLE WITH KEYBOARD OR DISCRETE 

SWITCHES 

• HIGH CURRENT LED OUTPUTS OR DIRECT 
DRIVE OF VACUUM FLUORESCENT (V-F) 
DISPLAYS 

• UP TO 7 SEQUENTIAL OUTPUTS 

• SYNCHRONIZED WITH 50/60 HZ TIME BASE OR 
EXTERNAL OSCILLATOR 

• SINGLE TIME OPTION 

• CONTINUOUS OR SEMI-AUTOMATIC OPTION 

• DEDICATED TIMER OPTION-WORKS WITHOUT 

KEYBOARD OR DISPLAY 

• RESOLUTIONS OF FROM 0.1 SEC. TO 999 
HOURS WITH DIGITAL ACCURACY 

• ALARM OUTPUT FOR AUDIBLE BUZZER 

• RELAY AND TRIAC OUTPUTS 

• AUDIBLE FEEDBACK FOR USE WITH MEM- 
BRANE SWITCHES 

• 100 MW TYPICAL POWER CONSUMPTION 



APPLICATIONS: 

• DARKROOM TIMER 

• PROCESS CONTROLLER 

• PROCESS SEQUENCER 

• TIME DELAY RELAY 

• APPLIANCE TIMERS 

• DEFROST CONTROLLERS 

• "DRIP" AND "MIST" IRRIGATION CONTROLLERS 

• ON/OFF TIMER 

• DIGITALLY CONTROLLED TIME DELAY 

• TRAFFIC LIGHT SEQUENCER 

• SECURITY SYSTEMS 

• LIGHTING CONTROL 

• INTERVAL TIMER 

• RECYCLING TIMER 



GENERAL DESCRIPTION 

The WD-55 is a versatile, self-contained digital timer/ 
controller/sequencer designed to replace many of the 
timing and control functions currently being performed 
by gears, cams, levers, and motors. It is another in a 
series of "silicon software" preprogrammed microcon- 
trollers based on the WD40 family of 4-bit micropro- 
cessors. The WD-55 may be used in conjunction with 
a matrix keyboard and numeric display to implement 
a programmable timer/sequencer or with suitable 
"strap" options, may be used as a dedicated, stand- 
alone on/off controller. It is implemented in P-channel 
Silicon Gate MOS and is available in 40 pin plastic and 
ceramic DIP packages. 
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FIGURE 1. 
WD-55 PIN CONNECTION 
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WD-55 PIN DESCRIPTION 



PIN NO. 


SYMBOL 


FUNCTION 


1 


vss 


fV 


2 


SEG E 


One of 7 high current (20 MA source) outputs for 
direct LED drive 


3 


SEG D 


One of 7 high current (20 MA source) outputs for 
direct LED drive 


4 


SEG C 


One of 7 high current (20 MA source) outputs for 
direct LED drive 


5 


SEG B 


One of 7 high current (20 MA source) outputs for 
direct LED drive 


6 


SEG A 


One of 7 high current (20 MA source) outputs for 
direct LED drive 


8 


RESET 


Power turn-on reset input, active low 


10 


CLK 


Internal RC clock oscillator output, approx. 100 


■i 1 


IMC 


Input select, not used in this application 




lINo 


ocanricQ inpui, ivioD 


lO 




Cpannorl inm it 

WUdl II lUU lll|JUL 




IN1 


OOctlUlcU IlipUl 




lINU 


ocanneu inpui, lod 


16 


Q3 


Latched output, not used in this application 


17 


Q2 


Latched output, not used in this application 


18 


oDt 


Timer output, active low 


19 


OUT 


Timer output, active high 


20 


VDD 


-V 


21 


SEQ1 


One of 7 sequencer outputs, active high during 
preset timing interval 1 


22 


SEQ2 


One of 7 sequencer outputs, active high during 
preset timing interval 2 


23 


SEQ3 


One of 7 sequencer outputs, active high during 
preset timing interval 3 


24 


SEQ4 


One of 7 sequencer outputs, active high during 

ni*A0At tin^inAi intAi*kjol A 

presei timing iniervai 4 


25 


ALARM 


Audible alarm control output, active high 


26 


TBASE 


Time base input, used as reference for all timing 
modes 


27 


TRIG 


Trigger input, used in on/off mode, rising edge 
sensitive 


28 


SEQ7 


One of 7 sequencer outputs, active high during 
preset timing interval 7 


29 


SEQ6/TIM2 


One of 7 sequencer outputs, active high during 
preset timing interval 6 
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WD-55 PIN DESCRIPTION (Continued) 



PIN NO. 


SYMBOL 


FUNCTION 


30 


SEQ5/TIM1 


One of 7 sequencer outputs, active liighi during 
preset timing Interval 5 


31 


DO 


Digit output, LSD 


32 


D1 


Digit output 


33 


D2 


Digit output 


34 


D3 


Digit output 


35 


D4 


Digit output 


36 


D5 


Digit output 


37 


D6 


Digit output 


38 


D7 


Digit output, MSD 


39 


SEG F 


One of 7 fiigli current (20 IVIA source) outputs for 
direct LED drive 


40 


SEGG 


One of 7 tiighi current (20 ly^A source) outputs for 
direct LED drive 



FUNCTIONAL DESCRIPTION 

Tlie WD-55 is a versatile digital timing element de- 
signed to replace mechanical timing devices of this 
synchronous motor, cams, and lever variety. It is a 
preprogrammed mask-ROM single chip 4-bit micro- 
controller with different features determined by ex- 
ternal strap options. It has essentially two distinct 
modes of operation: a keyboard programmable 
timer/sequencer using on-chip RAM for data storage 
and a 4-digit 7-segment display for data recall, or as 
an on/off timer which uses thumbwheel switches or 
even diodes for data storage and recall and does not 
require a display. These two different modes are 
selected by the absence or presence of a diode be- 
tween the D7 digit output (38) and the INO scanned 
input (1 5). If the diode is absent, upon the occurrence 
of a reset pulse at pin (8), the device enters the 
keyboard programmable timer/sequencer mode. If 
the diode is present, a reset forces the device into 
the on/off timer mode. 

In the timer/sequencer mode, the WD-55 operates 
with a matrix keyboard and a 4 digit numeric display to 
form a simple but flexible digital timing device for use 
in applications such as a dark room timer or program- 
mable sequencer. The configuration table shown in 
F'igure 1 provides the definition of keys, display digits, 
and strap options. 



Keyboard: The WD-55 is useable with a standard 
4x4 matrix keyboard (or 3x4 with two off-board 
switches) of the electromechanical or "membrane" 
type; audible feedback through the alarm output is 
provided for use with membrane or other switches 



which have little or no tactile feel. The debounce time 
is approximately 100 ms using a 60HZ timebase. 



Scanned Input 
Digit Time^ 
D0(31) 

D1(32) 

D2(33) 

03(34) 

D4(35) 

D5(36) 

D6(37) 

D7(38) 

OUTPUTS 

Digit Time 
Seg. a-f 



INO 
(15) 



IN1 

(14) 



IN2 

(13) 



IN3 
(12) 



1 


2 


3 


StarV 
Stop 


4 


5 


6 


Manual 
On/Off 


7 


8 


9 


1 Seq, 
Strap 


Set/ 
Clear 


0 


Advance 


50 HZ 
Strap 


























NC 


.1 sec 
Strap 


Auto- 
matic 


Auto- 
contlnuous 


OUT (19) SEQ1 (21) SEQ5 (30) 
OUT (18) SEQ2 (22) SEQ6 (29) 
ALARM (25) SEQ3 (23) SEQ7 (28) 
SEQ4 (24) 



D3 



Sequence 
NR. 



MSD 



LSD 



DISPLAY REGISTER 

FIGURE 1. CONFIGURATION TA^LE 
PROGRAMMABLE TIMER/SEQUENCER 
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KEY DEFINITIONS 



STRAP CONFIGURATION 



^ ADVANCE: The key is used to access the 7 storage 
^ locations in RAIVI. Each time this key is depressed, 
§ the sequence number (digit 3) is incremented by one 
cn and the current value of the respective sequence is 
fetched and displayed in digits D0-D2 (least to most 
significant). If the current sequence number is 7, 
depressing the advance key will rollover to sequence 
#1. If the "1 sequence" strap is present (see strap 
options), this key is not required. 

SET/ CLEAR: This key enables the entry of data 
into the RAM location currently being displayed by 
digit 3. When depressed, it enables the "SET" mode 
and clears display digits D0-D2 to zero as well as the 
respective memory location. Successive entry of data 
with the numeric keys (0 through 9) is then allowed. 
The set mode is terminated by depressing any non- 
numeric key. Note that there is no need for an "en- 
ter" or "store" key since the data displayed on digits 
D0-D2 is always automatically stored. If "SET/ 
CLEAR" has not been depressed prior to a numeric 
key, the numeric key is ignored, preventing the acci- 
dental or unwanted entry of data. 

MANUAL ON/OFF: This key acts as a push on/ 
push off switch to m anually force the output pins 
(OUT (19) and OUT (18)) to toggle. This is used to 
manually force an output on, such as in a darkroom 
timer application where the enlarger needs to be 
turned on and adjusted before proceeding with a 
timed interval. These outputs will remain in their cur- 
rent state indefinitely until either the manual key is 
depressed again or a timed interval is initiated. It has 
no effect on any of the sequencer outputs, SEQ1-7. 

START/STOP: This key is used to initiate or ter- 
minate a timed sequence. If a timing cycle is not being 
performed, depressing this key will initiate a cycle 
beginning with the sequence currently being dis- 
played in digit 3. If a cycle is currently running, it will 
terminate i t, retu rning the two complementary outputs 
(OUT and OUT) to their normal state and incrementing 
the sequence digit by 1. In fact, when a timing 
sequence is currently active, this is the only key 
which is scanned. This key may be paralleled with an 
external start/stop or footswitch if dictated by the ap- 
plication. 

NUMERIC KEYS (0-9): These keys are used to 
enter numeric data when in the "SET" mode. Data 
entry is accomplished by right to left entry; that is, 
digits 0 to 2 are left-shifted by 1 digit (with the old 
value of digit 2 discarded) and the most recently de- 
pressed numeric key data entered into digit zero. 
There is no limit to the number of numeric keys 
which are entered, but only the most recent 3 are 
displayed and stored. If the "SET/CLEAR" key has 
not been previously depressed, these keys are ig- 
nored. 



Considerable versatility is accomplished with the 
WD-55 by the use of strap options in the form of 
diodes to select or delete specific functions. In the 
timer/sequencer mode, the following options are 
available. 

50 HZ STRAP: The WD55 uses an external time 
base to accomplish its timing functions. It is op- 
timized for use with 50 or 60 HZ AC line applications. 
For operation with 60HZ, no strap is necessary. For 
50HZ applications, a diode should be connected be- 
tween D3(34) and IN3(12). 

1 SEQ STRAP: This strap (a diode between D2(33) 
and IN3(12) ) forces the device to operate as though 
it had only 1 time available. At the end of the timed 
sequence, the SEQ digit does not advance and the 
SEQ1 data is restored to digits 0-2. When this strap 
is employed, the advance key should not be used 
and the sequence digit (Digit 3) is always a "1" and 
hence could be eliminated. 

.1 SEC STRAP: Without this strap, the basic resolu- 
tion of the 7 sequences is 1 sec. That is, intervals of 
from 1 to 999 seconds are possible. With a diode (or 
diode plus SPST switch for variable applications) be- 
tween D7(38) and IN1(14), the minimum resolution is 
decreased to .1 seconds; that is, the intervals are 
now from .1 to 99.9 seconds. 

"AUTOMATIC" STRAP: With a diode between 
D7(38) and IN2(13), the automatic mode is enabled. 
In this mode, once the START key is depressed, 
sequences 1 through 7 are executed without further 
intervention. The cycle stops at the conclusion of 
sequence 7; that is, SEQ 1 data is being displayed 
and the keyboard is again being scanned. This is 
useful when the WD-55 is being used as a se- 
quencer to cycle a complete 7-event sequence. 

"AUTOCONTINUOUS" STRAP: This is used in 
conjunction with the "automatic" strap mentioned 
previously. If a diode is connected between D7(38) 
and IN3(12), the device will operate continuously 
once triggered by the start/stop key. This strap must 
be connected through a switch, since there is no 
means of terminating the sequence once initiated. 
Sequence 7 will be followed immediately by se- 
quence 1 . Depressing the start/stop key during the 
cycle will only terminate the current sequence in 
progress and begin execution of the next. This mode 
would typically be used in process control, machine 
sequencer, "moving lights" displays, etc. 

INITIALIZATION 

A low going p ulse of s ufficient duration (see Electrical 
Data) on the RESET pin (8) will force an initialization 

state, usually as the result of a power-turn-on re- 
set. All 7 sequence times are set to zero and the 
sequence number digit (Digit 3) is se t to "1". The 
complementary outputs OUT and OUT are set to logic 
LOW and logic HIGH respectively, and all sequencer 
outputs are logic LOW. 
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STOPWATCH/ELAPSED TIME CONTROLLER: If 

a nonzero time is entered into any sequence loca- 
tion, the WD-55 will count that time down to zero be- 
fore advancing to the next sequence. However, if the 
stored data is already zero, depressing the START/ 
STOP key will initiate an "UP" count mode starting 
from zero. The outputs (OUT and SEQ) function as 
before. If the START/STOP key is activated during 
this count cycle, the count will stop, the elapsed time 
will be displayed, the outputs will return to their "off" 
state, but the sequence number will not advance. This 
allows the WD55 to act as a "stopwatch" with a cumu- 
lative time capability and as an elapsed time controller 
to time and control a variable event. 



ALARM OPERATION 

The alarm output (Pin 25) serves several functions in 
the timer/sequencer mode. First, it provides a .1 sec 
pulse, active HIGH ("BEEP") whenever a valid key 
closure is detected. This provides audio feedback for 
use with non-tactile membrane keyboards. When 
counting down in a sequence mode, a single "BEEP" 
is enabled when the count reaches 10.0 seconds, 
giving an early warning of the end of cycle. When the 
count reaches zero, two "BEEPS" are output to give 
audible indication of end of cycle. This output can be 
buffered and used with self contained buzzers such 
as a Mallory Sonalert or may be used in conjunction 
with piezoelectric transducers (see Figure 9). 



ON/OFF TIMER MODE 

In the ON/OFF timer mode, the WD-55 is programmed 
to act as a digital programmable timer with one or 
two time periods which may vary from .1 sec to 999 
hours. The data is input to the device by means of 
switches, thumbwheels, or even diodes. The use of a 
display is optional, which if employed, will show the 
current time remaining during each timing cycle. The 
timebase reference is again externally provided, usu- 
ally from the 50 or 60 HZ AC line. Strap options are 
available to instruct the device as to whether it is to run 
one or two times, whether it is to be operated con- 
tinuously or in the triggered mode, and whether the 
BCD switch data is to be interpreted as hours, min- 
utes, or seconds. This mode is intended for use as 
a digital time delay relay, on/off timer/controller, set 
point timer, digital one-shot, etc. The timing is per- 
formed with digital accuracy and repeatability; it is 
not dependent upon bulky resistor/capacitor com- 
ponents and their inherent tolerance and temperature 
problems. For example, the WD-55 can generate a 
time delay of 999 hours with an accuracy of a frac- 
tion of a second with only a handful of diodes as ex- 
ternal components, over a temp range of 0 to55°C, a 
difficult feat to accomplish by analog means. 

The configuration table shown in Figure 2 defines the 
strap and switch options required in this mode of 
operation. 



Scanned Input ^^^^ 


INI 

(14) 


IN2 

(13) 


IN3 
(12) 


DO (31) 


BCDO 
(LSD) 


BCD2 
(LSD) 


BCD4 
(LSD) 


BCD8 
(LSD) 


D1 (32) 


BCDO 


BCD2 


BCD4 


BCD8 


02 (33) 


BCDO 
(MSD) 


BCD2 
(MSD) 


BCD4 
(MSD) 


BCD8 
(MSD) 


D3 (34) 


Minutes 
Strap 


Stop 


Cont 
Strap 


50 HZ 
Strap 


D4 (35) 


BCDO 
(LSD) 


BCD2 
(LSD) 


BCD4 
(LSD) 


BC08 
(LSD) 


D5 (36) 


BCDO 


BCD2 


BCD4 


BCD8 


D6 (27) 


BCDO 
(MSD) 


BCD2 
(MSD) 


BCD4 
(MSD) 


BCD8 
(MSD) 


D7 (38) 


On/Off 
Strap 


.1 sec 
Strap 


1 Time 
Strap 


Hours 
Strap 


OUTPUTS 


TIM1 (30) 
TIM2 (29) 
ALARM (25) 


Digit Time 


D2(33) 01(32) 


00(31) 




MSO 


(Time Remaining). »- 

1 1 LSD 



TIME 1 
DIGIT 2 > INPUT 



TIME 2 
INPUT 
SETTING 



DISPLAY REGISTER 



FIGURE 2. CONFIGURATION TABLE ON/OFF 
TIMER MODE 



ON/OFF STRAP: A diode MUST be connected be- 
tween D7(38) and IN0(15) to inform the WD-55 that it 
is to operate in this mode. This strap is scanned at 
the time a reset occurs and causes the microproces- 
sor to access the ON/OFF timer program. Without the 
strap, the WD-55 will operate as a programmable 
timer/sequencer as described before. 

50 HZ STRAP: As described before, the WD-55 is 
optimized to use a 50 or 60 HZ timebase. No strap is 
required for 60 HZ operation. If 50HZ is used, a 
diode should be connected between D3(34) and 
IN3(12). 

.1 SEC STRAP: If this strap is present (diode be- 
tween D7(38) and IN1(14)), the input data is evaluated 
as XX. X sees; that is, times of from .1 to 99.9 sec- 
onds are attainable. If this strap is absent and there 
are no minutes or hours straps present, the data is 
evaluated as XXX. seconds. 

MINUTES STRAP: If a diode is connected between 
D3(34) and IN0(15), the data is evaluated as XXX 
minutes. That is, times of from 1 to 999 minutes are 

attainable. 



O 
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HOURS STRAP: If a diode is connected between 
D7(38) and IN3(12), the data is evaluated as XXX 
^ hours. That Is, times of from 1 to 999 hours are at- 

0 tainable. 
cn 

01 TIME 1 STRAP: There are normally two time 
periods available with the WD-55 which are executed 
in sequence. If a diode is present between D7(38) 
and IN2(13), the device will act on only time 1. In other 
words, when triggered it will count down time 1 to 
zero, stop, and reload time 1 rather than advancing 
and loading time 2. 

CONTINUOUS STRAP: If this strap is not present, 
the WD-55 will operate in the "triggered mode ". A ris- 
ing edge (low to high transition) at the trigger input 
(Pin 27) will initiate a timing cycle beginning with the 
current time (one or two). At the end of the cycle, the 
outputs return to their active low state, the next time is 
loaded and displayed, and the device waits for another 
trigger input. If a diode is connected between D3(34) 
and IN2(13), continuous operation is selected. Here 
the trigger input is ignored. This strap allows the 
WD-55 to operate as a dedicated purpose timer, such 
as a defrost controller, which begins operation upon 
application of power. 

STOP INPUT: If an input is detected between 
D3(34) and IN1(14) during a timing cycle, the cycle 
will terminate immediately. This can allow a manual 
overide to stop a cycle in progress. However, if the 
"CONTINUOUS" strap is present, this input serves 
only to stop the current timing cycle and cause an 
advance to the next time. 

DATA INPUTS: The time data is input during digit 
times DO to D2 (LSD to MSD) for time 1 and during D4 
to D6 (LSD to MSD) for time 2 (if used), as shown in 
the configuration table. The data may be input by 
means of encoded switches, thumbwheels, or even 
discrete diodes. The WD-55 has on-chip pull-down 
resistors across inputs IN0-IN3, so that with the 
absence of an input during a given digit time is inter- 
preted as a "0". Thus it would be possible to set a time 
of 080 hours by using only one diode. The data format 
must be 8421 BCD, with BCDB connected to INS and BCD1 
connected to INO. 



TRIGGER (PIN27): If the triggered mode is 
selected, a positive going transition at this input will 
initiate a timing cycle. This input is edge sensitive 
and has an internal pull-up resistor so that a momen- 
tary pushbutton switch may be used to manually trig- 
ger an event. Since this is not a scanned input, inter- 
face to other external logic is simple. 



OUTPUTS 

TIM1 (30): This output is active HIGH when timing 
cycle 1 is active, and LOW otherwise. 

TIM2 (29): This output is active HIGH when timing 
cycle 2 is active, and LOW otherwise. 

ALARM (25): This output is logic LOW when a timing 
cycle (1 or 2) is in progress and is logic HIGH other- 
wise. It may be buffered to drive an audible alarm or 
it may be used as a third timing output to turn a 
single device on for two different intervals. 



INITIALIZATION 

A logic low of sufficient duration on Pin 8 (RESET) 
will cause initialization of the WD55. In the on/off 
timer mode, TIM1, TIM2, and alarm will be logic low, 
and the first time (TIME 1) data is loaded into the 
display register. If the CONTINUOUS mode is selected, 
the device will immediately begin counting down time 
1 , else it will wait for a trigger pulse to occur. 



APPLICATIONS CIRCUITS 



The following are several circuits designed to give 
the user an idea of the range of applications that the 
WD-55 is capable of being utilized. 
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DARKROOM TIMER 

Figure 3 shows a complete schematic (except for 
power supply) of a darl< room timer/controller using 
the WD-55. Note that the only external components 
required are a display, a digit driver, keyboard, and 
output switching devices. A 4-digit common-cathode 
LED display is used since their inherently red radia- 
tion is desirable for dark room environments. Note 
that the high current sourcing capability of the WD-55 
segment outputs allows easy drive of instrument-size 
LEDS. The time base is provided by shaping up the 
50/60HZ AC line input to Pin 26 (TBASE). A complete 
matrix keyboard is used to allow access to all 7 
memory locations. A DPDT switch (S1) is used to 
select a resolution of .1 or 1 seconds and to simul- 
taneously move the decimal point. 

A good dark room timer/controller normally has two 
switched AC outlets, one for the enlarger and one for 
the "safe" light. They are the complements of each 
other in that the safe light is "on" when the enlarger 



is not active and is "off" when the enlarger is print- 
ing. The circuit shown makes use of the complemen- 
tary outputs OUT (19) and OUT (18) to allow solid-state 
switching in the form of optically-isolated triacs by buffering 
them through two unused sections of the high-current digit 
driver. The value of "snubber" components depends upon 
the load, which in the case of enlargers and safe lamps is 
often inductive. If desired, a single SPOT relay may be used 
in place of the triacs and opto-isolators shown. 

The buzzer shown is of the self-contained oscillator 
variety and operates with DC drive. The WD-55 may 
also be used with piezoelectric elements (see Figure 
9). A switch is provided to disable the beeper when 
not desired. Another switch (S-3) is used to enable 
the automatic mode for making up to 7 sequential 
timed prints by depressing the start key only once. If 
the possibility of depressing two keys exists, the 
keyboard should be diode isolated to avoid "sneak" 
paths. 
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1N0 
INI 
1N2 

1N3 



SEQ1 
SEQ2 
SEQ3 
SEQ4 
SEQ& 
SEQ6 
SEQ7 
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FIGURE 4. SEQUENCER WITH V-F DISPLAY 



Figure 4 shows the WD-55 used to implement a 
l<eyboard programmable sequencer with 7 outputs. It 
features a vacuum-fluorescent (V-F) display which 
takes advantage of the fact that the WD-55 can drive 
it directly with no high voltage buffers — only exter- 
nal pull-down resistors are required. A conventional 
matrix keyboard is used as in the dark room timer 



application. Toggle switches are provided to allow 
strap options for .1 sec resolution and user-selectable 
continuous operation. In the auto-continuous mode, 
once set up, the 7 sequencer outputs will operate in 
succession to cycle up to 7 processes. The sequencer 
outputs are buffered by a high current driver interface 
to 7 relays which perform the output switching task. 
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START ^ 



u 



TBASE 
TRIG 



DO 
TIMl 
TIM2 
ALARM 



1? 




-< 

6 9 — < OUTPUTS 



-o-< 

OUTPUT 1 

-<y< 



OUTPUT 2 
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FIGURE 5. THUMBWHEEL PROGRAMMABLE INTERVAL TIMER 



Figure 5 shows the WD-55 in its second mode of op- 
eration, that of a switch programmable on/off or in- 
terval timer. The circuit shown has three relay 
switched outputs, labelled one, two, and three. Out- 
put one is active for the duration of time 1, output two 
is active for the duration of time 2, and output three 
is active for the duration of both one and two. 
Timing data is input through 6 BCD-encoded 
thumbwheel switches. Three SPST switches inform 



the WD-55 to interpret this data as NN.N seconds. 
NNN seconds, NNN minutes, or NNN hours. The 
LED display will show the time remaining and the 
countdown when operating. Since the data is input 
through switches, the display may be deleted if this 
feature is not desired. Also, since the timing informa- 
tion is read from switches, the data is non-volatile 
and no battery backup would be required of the de- 
vice. 
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FIGURE 6. DIGITAL TIME DELAY RELAY 



Figure 6 shows a digital programmable time delay 
relay using the WD-55 to give "ON" or "OFF" time 
delays of from .1S to 999 hours, the "Time 1 only" 
strap option is used here so that when triggered, the 
device loads and counts down only one time and 



then resets. Simple screw-driver slot programmable 
DIP switches are used here for low cost. Note that a 
display is not required, but could be added to pro- 
duce a unique time delay relay with digital readout of 
time remaining. 
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60 Hz 




FIGURE 7. ON/OFF CONTROLLER 



Figure 7 is an AC line-operated on/off controller. In 
this application, the WD-55 is programmed simply by 
diodes and does not require a keyboard, switches, or 
a display. It is a simple, reliable solid-state alternative 
to a motor driven cam switch. In this application the 
non-triggered, two-time mode is selected. Time 1 and 



Time 2 are programmed by diodes to be 8 hours and 
20 hours respectively. The TIM1 output is buffered by 
a transistor to supply gate current to a triac which 
switches the output load. When power is applied to 
the circuit, the output load is switched "ON" for 8 
hours then "OFF" for 20 hours repeatedly. 
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FIGURE 8. DAISY-CHAIN N-SEQUENTIAL INTERVAL CONTROLLER 



Finally, Figure 8 shows how multiple, independent 
WD-55's may be configured for triggered mode oper- 
ation may operate in daisy chain fashion to produce 
an N-sequential programmable interval controller. 



These are but a few of the many applications for the 
WD-55. For custom versions, please contact the fac- 
tory. 
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PIEZOELECTRIC BUZZER 
(GULTON, KYOCERA, ETC) 



FIGURE 9. WD-55 USED WITH PIEZOELECTRIC BUZZER 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature -65°C to +150°C Ceramic 

-55°Cto +125''C Plastic 
Operating Free-Air Temperature 

T Range 0°C to 70°C 

Lead Temperature (Soldering, 10 sec.) 300°C 

Power Dissipation 2.5 Watt at 25°C 

Positive Voltage on any Pin with Respect to 

Vss: +0.3V 



Negative Voltage on any Pin with Respect to 

Vss: 20.0V 

Absolute maximum ratings indicate limits beyond 
which damage to the device may occur. DC and AC 
electrical specifications are not ensured when operat- 
ing the device at absolute maximum ratings. 

ELECTRICAL CHARACTERISTICS 

TA = 25°C, Vss- Vdd = 13.2V unless noted otherwise 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Operating Voltage 

(Vss-Vdd) 
Operating Current 


All inputs and outputs 
open 


11.5 
6 


13.2 


14.5 
15 


V 

mA 


Input Voltage Levels 
All Inputs Except IN0-IN3 
Logic High (Vih) 
Logic Low (Vil) 
Inputs IN0-IN3 
Logic High (Vish) 
Logic Low (Visl) 


Note 1 
Note 2 


Vss-1 

Vdd 

Vss-3.75 
Vdd 




Vss 
VdD-4-2 

Vss 
Vss-9.0 


V 
V 

V 
V 


Output Voltage Levels 
All Outputs Except D0-D7 

and SA-SG 

Logic High (Voh) 

Logic Low (Vol) 
uu-u/ kJUipuis 

Logic High (Vodh) 

VODL 

Seg Outputs Seg a-f 


loH=-i-100 /u,A Min. 
loL=-1.6 mA Min. 

Iodh=1.5 mA 
loDH=1.5 mA+l Input 

(IN0-IN3) 
loDH=5.0 mA-i-1 Input 
Note 3 
losH=16 mA 


Vss-2 
Vdd 

Vss-1.5 
Vss-3.0 

Vss-3.5 




Vss 
Vss-4.6 

Vss 
Vss 

Vss 

1.0 


V 
V 

V 
V 

V 

V 


Segment Output Current 

Seg a-f Iosh 


Note 3 


10 


15 


40 


mA 


AC Electrical 
TcYC 






10 




fJiS 


Reset 
TBase 

Timing error (TOUT) 


Note 4 


15 
0 


60 


500 
±1 


msec 
HZ 
ms 



o 



Note 1: Internal Pullup Resistors of Approximately 6K 

to Vss Across Each Input. 
Note 2: Internal Pulldown Resistors of Approximately 

12K to Vdd Across Each Input. 
Note 3: Single Transistor to Vss Output Only. 
Note 4: TBase = 60.000 HZ. 
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ONE SCAN TIME = 4 CLOCK TIMES 



CLOCK 
TIME 0 



J 



CLOCK 
TIMES 2 



TL 



I I 
I I 

lY VALID jY 



VALID FOR 4X CLOCK TIME 
X = 1, 2, 3, 



••(65 ns« 

MIN.) 



VIL, VISL 



VIH, 

LATCHED INTERNALLY ON RISING EDGE AT ANY TIME VIL 



OUT, SEQ, ALARM 



TRANSITION OCCURS ON ANY CLOCK TIME 



^ (NOTE 1) VIL 

VOSH 



NOTE 1 : RISING EDGE OF RESET GENERATES SCAN TIME 0 WITHIN 4 CLOCK TIMES 
Note 2: td = nS MAX _ 

WD-55 TIMING DIAGRAM 



Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility Is assumed by Western Digital 
Corporation for its use; nor for any Infringements of patents or otfier rights of tfiird parties which may result from Its use. No license Is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 



See page 725 for ordering information. 
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WESTERN DIGITAL 

CORPORAT/ON 

WD4200/WD4210 and WD4320/WD4321 
Single-Chip N-Channel Microcontrollers 



FEATURES 

• Low cost 

• Powerful instruction set 

• 1K X 8 ROM, 64 x4 RAIS/1 

• 23 I/O lines 

• True vectored interrupt, plus restart 

• Ttiree-ievei subroutine stacl< 

• 4.0 \i% Instruction time 

• Single supply operation (4.5V to 6.3V) 

• Internal time-base counter for real-time 
processing 

• Internal binary counter register witli serial I/O 
capability 

• General purpose and TRI-STATE® outputs 

• TTUCMOS compatible in and out 

• LED direct drive outputs 

• l\/IICROBUS™ compatible 

• Software/hardware compatible witti other 
members of WD4200 family 

• Extended temperature range device available 
{-40''Cto +85''C) WD4320/4321 



GENERAL DESCRIPTION 

The WD4200/4320 and WD4210/4321 Single Chip 
N-Channel Microcontrollers are members of the 
Control Oriented Processor family, fabricated 
using N-channel, silicon gate MOS technology. 
They are complete microcomputers containing all 
system timing, internal logic, ROM, RAM and I/O 
necessary to implement dedicated control func- 
tions In a variety of applications. Features include 
single supply operation, a variety of output config- 
uration options, with an instruction set, internal 
architecture and I/O scheme designed to facilitate 
keyboard input, display output and BCD data 
manipulation. The WD4210/4321 is identical to the 
WD4200/4320, except with 19 i/0 lines instead of 
23. They are an appropriate choice for use in 
numerous human interface control environments. 
Standard test procedures and reliable high- 
density fabrication techniques provide the 
medium to large volume customers with a cus- 
tomized Control Oriented Processor at a low end- 
product cost. 
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PIN DESCRIPTION 


L7-L0 


8 bidirectional I/O ports with 




TRI-STATE® 


G3-G0 


4 bidirectional I/O ports 


D3-D0 


4 general purpose outputs 


IN3-IN0 


4 general purpose inputs (WD4200only) 


SI 


Serial input (or counter input) 


SO 


Serial output (or general purpose 




output) 


SK 


Logic-controlled clock (or general 




purpose output) 


v_/r\l 


oy oLcl 1 1 UoL^l 1 ictlUi 1 M I 


CKO 


System Oscillator output (or general 




purpose input or RAM power supply) 


RESET 


System reset input 


vcc 


Power supply 


GND 


Ground 



FUNCTIONAL DESCRIPTION 

A block diagram of the WD4200 is given on page 1. 
Data paths are illustrated in simplified form to depict 
how the various logic elements communicate with 
each other in implementing the instruction set of the 
device. Positive logic is used. When a bit is set, it is 
logic "1" (greater than 2 volts). When a bit is reset, it 
is a logic "0" (less than 0.8 volts). 

Program Memory 

Program Memory consists of a 1,024-byte ROM. As 

can be seen by an examination of WD4200/4210 
instruction set, these words may be program 
instructions, program data or ROM addressing data. 
Because of the special characteristics associated 
with the JP, JSRP, JID and LQID instructions, ROM 
must often be thought of as being organized into 
16 pages of 64 words each. 

ROM addressing is accomplished by a 10-blt PC 
register. Its binary value selects one of the 1,024 
8-bit words contained in ROM. A new address is 
loaded into the PC register during each instruction 

cycle. Unless the instruction is a transfer of control 
instruction, the PC register is loaded with the next 
sequential 10-bit binary count value. Three levels of 
subroutine nesting are implemented by the 10-bit 
subroutine save registers, SA, SB and SC, provid- 
ing a last-in, first-out (LIFO) hardware subroutine 
stack. 

ROM instruction words are fetched, decoded and 
executed by the Instruction Decode, Control and 
Skip Logic circuitry. 
Data Memory 

Data Memory consists of a 256-bit RAM, organized 
as four data registers of 16 4-bit digits. RAM address- 
ing is implemented by a 6-bit B register whose 
upper two bits (Br) select one of four data registers 



and lower 4 bits (Bd) select one of 16 4-bit digits in 
the selected data register. While the 4-bit contents 
of the selected RAM digit (M) is usually loaded into 
or from, or exchanged with, the A register (ac- 
cumulator), it may also be loaded into or from the 
Q latches or loaded from the L ports. RAM 
addressing may also be performed directly by the 
LDD and XAD instructions based upon the 6-bit 
contents of the operand field of these instructions. 
The Bd register also serves as a source register for 
4-bit data sent directly to the D outputs. 

Internal Logic 

The 4-bit A register (accumulator) is the source and 
destination register for most I/O, arithmetic, logic and 
data memory access operations. It can also be used to 
load the Br and Bd portions of the B register, to load 
and input four bits of the 8-bit Q latch data, to input four 
bits of the 8-bit L I/O port data and to perform data ex- 
changes with the SIO register. 

A 4-blt adder performs the arithmetic and logic 
functions of the WD4200/4210, storing its results in 
A. It also outputs a carry bit to the 1-bit C register, 
most often employed to indicate arithmetic 
overflow. The C register, in conjunction with XAS 
instruction and the EN register, also serves to 
control the SK output. C can be outputted directly to 
SK or can enable SK to be a sync clock each 
instruction cycle time (see XAS instruction and EN 
register description below). 

Four general-purpose inputs, IN3-IN0, are 
provided; IN-j, IN2 and IN3 may be selected, by 
a mask-programmable option, as Read Strobe, 
Chip Select and Write Strobe inputs, respectively, 
for use in MICROBUS^*- applications. 

The D register provides four general-purpose outputs 
and is used as the destination register for the 4-bit con- 
tents of Bd. 

The G register contents are outputs to four general- 
purpose bidirectional I/O ports. Gq rnay be mask- 
programmed as an output for MICROBUS^'* 
applications. 

The Q register is an internal, latched, 8-bit register, 
used to hold data loaded to or from M and A, as well 
as 8-bit data from ROM. Its contents are output to 
the L I/O ports when the L drivers are enabled under 
program control (see LEI instruction). With the 
MICROBUS™ option selected, Q can also be loaded 
with the 8-bit contents of the L I/O ports upon the 
occurrence of a write strobe from the host CPU. 

The eight L drivers, when enabled, output the 
contents of latched Q data to the L I/O ports. Also, 
the contents of L may be read directly into A and M. 
As explained above, the MICROBUS^*^ option 
allows L I/O port data to be latched into the Q 



register. L I/O ports can be directly connected to the 
segments of a multiplexed LED display (using the 
LED Direct Drive output configuration option) with 
Q data being outputted to the Sa-Sg and decimal 
point segments of the display. 

The SIO register functions as a 4-bit serial-in/serial- 
out shift register or as a binary counter depending on 
the contents of the EN register (see EN register 
description below). Its contents can be exchanged 
with A, allowing it to input or output a continuous 
serial data stream. SIO may also be used to provide 
additional parallel I/O by connecting SO to external 
serial-in/serial-out shift registers. For example of 
additional parallel output capacity, see Application 
No. 2. 

The EN register is an internal 4-bit register loaded un- 
der program control by the LEI instruction. The state of 
each bit of this register selects or deselects the partic- 
ular feature associated with each bit of the EN register 
(EN3-EN0). 



1. 



The least significant bit of the enable register, 
ENo, selectes the SIO register as either a 4-bit 
shift register or a 4-bit binary counter. With ENo 
set, SIO is an asynchronous binary counter, 
decrementing its value by one upon each low- 
going pulse ("1" to "0") occurring on the SI input. 
Each pulse must be at least two instruction cycles 
wide. SK outputs the value of C upon execution 
of XAS and remains the same until the execution 
of another XAS instruction. The SO output is 
equal to the value of EN3. With ENq reset, SIO is 
a serial shift register shifting left each Instruction 
cycle time. The data present at SI goes into the 
least significant bit of SIO. SO can be enabled to 
output the most significant bit of SIO each cycle 
time (see 4 below). The SK output becomes a 
logic-controlled clock, providing a SYNC signal 
each instruction time. It will start outputting a 
SYNC pulse upon the execution of an XAS 
instruction with 0=1, stopping upon the execu- 
tion of a subsequent XAS with C = 0. 

With ENi setthelNi input is enabled as an inter- 



rupt input. Immediately following an interrupt, 
ENi is reset to disable further interrupts. 

3. With EN2 set, the L drivers are enabled to output 
the data in Q to the L I/O ports. Resetting EN2 
disables the L drivers, placing the L I/O ports in a 
high-impedance inputstate. If theMICROBUS™ 
option is being used, EN2 does not affect the L 
drivers. 

4. EN3, in conjunction with ENo, affects the SO 
output. With ENo set (binary counter option 
selected) SO will output the value loaded into 
EN3. With ENo reset (serial shift register option 
selected), setting EN3 enables SO as the output 
of the SIO shift register, outputting serial shifted 
data each instruction time. Resetting EN3 with 
the serial shift register option selected disables 
SO as the shift register output: data continues to 
be shifted through SIO and can be exchanged 
with A via an XAS instruction but SO remains 
reset to "0". The table below provides a summary 
of the modes associated with EN3 and ENo. 

Interrupt 

The following features are associated with the IN1 
interrupt procedure and protocol and must be con- 
sidered by the programmer when utilizing 
interrupts. 

a. The interrupt, once acknowledged as explained 
below, pushes the next sequential program 
counter address (PC + 1)onto the stack, pushing 
in turn the contents of the other subroutine-save 
register to the next lower level (PC+1 -> SA ->■ SB 

SC). Any previous contents of SC are lost. The 
program counter is set to hex address OFF (the 
last word of page 3) and EN 1 is reset. 

b. An interrupt will be acknowledged only after the 
following conditions are met: 

1) ENi has been set. 

2) A low-going pulse ("1" to "0") of at least two 
instruction cycles wide occurs on the IN1 
input. 

3) A currently executing instruction has been 
completed. 



ENABLE REGISTER MODES — BITS EN3 AND ENq 
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4) All successive transfer of control instructions 
and successive LBIs have been completed 
(e.g., if the main program Is executing a JP 
instruction \NW\ch transfers program control 
to another JP Instruction, the interrupt m\\ not 
be acknowledged until the second JP Instrub- 
tion has been executed. 

c. Upon acknowledgement of an interrupt, the skip 
logic status is saved and later restored upon the 
execution of a subsequent RET instruction. For 
example, if an interrupt occurs during the exe- 
cution of ASC (Add with Carry, Skip on Carry) 
instruction which results in carry, the skip logic 
status is saved and program control is transfer- 
red to the Interrupt servicing routine at hex 
address OFF. At the end of the Interrupt routine, 
a RET instruction Is executed to "pop" the stack 
and return program control to the instruction 
following the original ASC. At this time, the skip 
logic is enabled and skips this instruction be- 
cause of the previous ASC carry. Since, as 
explained above, It is the RET instruction which 
enables the previously saved status of the skip 
logic, subroutines should not be nested within 
the interrupt servicing routine since their RET 
instruction will enable any previously saved 
main program skips, interfering with the orderly 
execution of the interrupt routine. 

d. The first instruction of the interrupt routine at 
hex address OFF must be a NOP. 

e. A LEI instruction can be put immediately before 
the RET to re-enable Interrupts. 

MICROBUS^"" Interface 

The WD4200 has an option which allows it to be 
used as a peripheral microprocessor device, input- 
ting and outputting data from and to a host micro- 
processor ifjiP). IN-|, IN 2, and IN 3 general purpose 
inputs become MICROBUS'** compatible read- 
strobe, chip-select, and write-strobe lines, respec- 
tively. IN^ becomes RD — a logic "0" on this input 
will cause Q latch data to be enabled to the L ports 
for input to the ixP. IN3 becomes CS — a logic "0" 
on this line selects the WD4200 as the /xP perip heral 
device by enabling the operation of the RD and WR 
lines and allows for the selection of one o f several 
periopheral components. IN3 becomes WR — a logic 
"0" on this line will write bus data from the L ports to 
the Q latches for input to the WD4200. Gq becomes 
INTR a "ready" output, reset by a write pulse from 
the fiP on the WR line, providing the "hand-shaking" 
capability necessary for asynchronous data transfer 
between the host CPU and the WD4200. 
This option has been designed for compatibility with 
National's MICROBUS™ - a standard interconnect 
system for 8-bit parallel data transfer between MOS/ 



LSI CPUs and interfacing devices. (See MICROBUS™, 
National Publication.) The functioning and timing 
relationships between the WD4200 signal lines affected 
by this option are as specified for the MICROBUS™ 
interface, and are given in the AC electrical charac- 
teristics and shown in the timing diagrams (figures 11 
and 12). Connection of the WD4200 to the MICROBUS^'* 
is shown in MICROBUS™ Option interconnect 
illustration. 

Initialization 

The Reset Logic, internal to the WD4200/4210 will 
initialize (clear) the device upon power-up if the 
power supply rise time is less than 1 ms and greater 
than 1 ju s. If the power supply rise time is greater 
than 1 ms, the user mus t provid e an external RC net- 
work and di ode to the RESET pin as shown below. 
The RESET pin is configured as a Schmitt trigger 
input. If not used it should be connected to Vqc- 
Initialization will occ ur whenever a logic "0" is 
applied to the RESET input, provided it stays low for 
at least two instruction cycle times. 

Upon initialization, the PC register is cleared to 0 
(ROM address 0) and the A, B, 0, D, EN, and G reg- 
isters are cleared. The SK output is enabled as a 
SYNC output, providing a pulse each instruction cycle 
time. Dafa Memory (RAM) must be cleared by the 
user's program. The first instruction at address 0 must 
be a CLRA. 
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Oscillator 

There are four basic clock oscillator configurations 
available as shown below. 

a. Crystal Controlied Oscillator. CKI and CKO 

are connected to an external crystal. The Instruc- 
tion cycle time equals the crystal frequency divided 
by 16 (optional by 8). 

b. External Oscillator. CKI is configured as a TTL 
compatible input accepting an external clock 
signal. The external frequency is divided by 16 
(optional by 8 or 4) to give the instruction cycle 
time. CKO is now available to be used as the 
RAM power supply (Vp) or as a general purpose 
input. 

c. RC Controlled Oscillator. CKI is configured as a 
single pin RC controllQc) Schmitt trigger oscil- 
lator. The instruction cycle equals the oscillation 
frequency divided by 4. CKO is available for non- 
timing functions. 

d. Externally Synctironized Osciliator. Intended for 
use in multi-WD systems, CKO is programmed to 
function as an input connected to the SK out- 



put of another WD4200/4210 with CKI connected 
as shown. In this configuration, the SK output 
connected to CKO must provide a SYNC (instruc- 
tion cycle) signal to CKO, thereby allowing 
synchronous data transfer between the WDs 
using only the SI and SO serial I/O pins in con- 
junction with the XAS instruction. Note that on 
power-up SK is automatically enabled as a 
SYNC output (see Functional Description, Ini- 
tialization, above). 

CKO Pin Options 

In a crystal controlled oscillator system, CKO is used 
as an output to the crystal networl^. As an option 
CKO can be a general purpose input, read into bit 
2 of A (accumulator) upon execution of an INIL instruc- 
tion. As another option, CKO can be a RAM power 
supply pin (Vr), allowing its connection to be a 
standby/backup power supply to maintain the integrity 
of RAM data with minimum power drain when the main 
supply is inoperative or shut down to conserve power. 
Using either option is appropriate in applications where 
the WD4200/4210 system timing configuration does 
not require use of the CKO pin. 
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Figure 5 WD4200/4210 OSCILLATOR 
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I/O Options 

WD4200/4210 outputs have the following optional 
configurations, illustrated below. 

a. Standard. An enhancement-mode device to ground 
in conjunction with a depletion-mode device to Vqq 
compatible with TLL and CMOS input requirements. 

b. Open-Drain. An enhancement-mode device to 
ground only, allowing external pull-up as required 
by the user's application. 

c. Push-Puli. An enhancement-mode device to ground 
in conjunction with a depletion-mode device par- 
alleled by an enhancement-mode device to Vqq. 
This configuration has been provided to allow for 
fast rise and fall times when driving capacitive 
loads. 

d. LED Direct Drive. An enhancement-mode device 
to ground and to Vqq, meeting the typical current 
sourcing requirements of the segments of an LED 
display. The sourcing device is clamped to limit 
current flow. These devices may be turned off un- 
der program control (see Functional Description, 
EN Register), placing the outputs in a high-imped- 
ance state to provide required LED segment blank- 
ing for a multiplexed display. 

e. Three-State Push-Pull. An enhancement-mode 
device to ground and Vqq intended to meet the 
requirements associated with the MICROBUS™ 
option. These outputs are TRI-STATE® outputs, 
allowing for connection of these outputs to a 
data bus shared by other bus drivers. 

WD4200/4210 inputs have the following optional 
configurations: 



f. An on-chip depletion load device to Vqq. 

g. A Hi-Z input which must be driven to a "1" or "0" 
by external components. 

The above input and output configurations share 
common enhancement-mode and depletion-mode 
devices. Specifically, all configurations use one or 
more of six devices (numbered 1-6, respectively). 
Minimum and maximum current (IquT ^^^d Vqut) 
curves are given on figure 7 for each of these devices 
to allow the designer to effectively use these I/O con- 
figurations in designing a WD4200/4210 system. 
The SO, SK outputs can be configured as shown in 
A, B, or C. The D and G outputs can be configured 
as shown in A or B. Note that when inputting data to 
the G ports, the G outputs should be set to "1 ". The L 
outputs can be configured as A, B, D, or E. 

An important point to remember if using configura- 
tion A or D with the L drivers is that even when the L 
drivers are disabled, the depletion load device will 
source a small amount of current. 



WD4210 

If the WD4200 is bonded as a 24-pin device, it be- 
comes the WD4210, illustrated in figure 1 , WD4200/ 
4210 Connection Diagrams. Note that the WD4210 
does not contain the four general purpose IN inputs 
(IN3-INo). Use of this option precludes, of course use 
of the IN options, interruptfeature, and the MICROBUS^'' 
option which uses IN1-IN3. All other options are avail- 
able for the WD4210. 
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Figure 6 OUTPUT CONFIGURATIONS 
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WD4200/4210 INSTRUCTION SET 

Table 1 is a symbol table providing internal architec- 
ture, instruction operand, and operational symbols 
used in the instruction set table. 



Table 2 provides the mnemonic, operand, machine 
code, data flow, skip conditions, and description 
associated with each instruction inthe WD4200/4210 
instruction set. 



TABLE 1. WD4200/4210 INSTRUCTION SET TABLE SYMBOLS 



Symbol 


Definition 


Symbol 


Definition 


INTERNAL ARCHITECTURE SYMBOLS 


INSTRUCTION OPERAND SYMBOLS 


A 


.... , 
4-uit Accumulator 


d 


4-bit Operand Field, 0-15 binary (RAM 


□ 
D 


6-bit RAM Address Register 




Digit Select) 


br 


Upper 2 bits of B (register address) 


r 


2-bit Operand Field, 0-3 binary (RAM 


DU 


Lower 4 bits of B (digit address) 




Register Select) 


\j 


1 -bit Garry Register 


a 


10-bit Operand Field, 0-1023 binary 


U 


4-DiT uata uuiput rort 




(ROM Address) 


CM 


4-bit Enable Register 


y 


4-bit Operand Field, 0-15 binary 




4-Dii Register to latcn aata tor u i/u rort 




(Immediate Data) 


IL 


Two 1 -bit Latches associated with the IN3 


RAM(s) 


Content and RAM location addressed by s 




or INO Inputs 


ROM(t) 


Content and ROM location addressed by t 


IN 


4-bit Input Port 


L 


8-bit TRI-STATE® I/O Port 






M 


4-bit contents of RAM Memory Pointed to 


OPERATIONAL SYMBOLS 




by B Register 






PC 


10-bit ROM Address Register (program 


+ 


Plus 




counter) 




Minus 


Q 


8-bit Register to latch data for L I/O Port 




Replaces 


SA 


10-bit Subroutine Save Register A 




Is exchanged with 


SB 


10-bit Subroutine Save Register B 




Is equal to 


SC 


10-bit Subroutine Save Register C 


A 


The ones complement of A 


SIC 


4-bit Shift Register and Counter 


9 


Exclusive-OR 


SK 


Logic-Controlled Clock Output 




Range of values' 



o 

ro 
o 
o 



TABLE 2. WD4200/4210 INSTRUCTION SET TABLE (Note 1) 







Hex 


Machine Language 




Skip 




Mnemonic 


Operand 


Code 


Code (Binary) 


Data Flow 


Conditions 


Description 



ARITHMETIC INSTRUCTIONS 



ASC 




30 


ADD 




31 


ADT 




4A 


AISC 


y 


5- 


CASC 




10 


CLRA 




00 


COMP 




40 


NOP 




44 


RC 




32 


SC 




22 


XOR 




02 



10 0 1 1 10 0 0 0 

10 0 1 110 0 0 11 



10 1 0 on 0 1 01 
10 1 0 11 y I 



10 0 0 1 10 0 0 01 



0 0 010 0 0 01 
10 1 0 010 0 0 01 



10 1 0 010 1 0 01 



10 0 1 1 10 0 1 01 
10 0 1 010 0 1 01 
10 0 0 010 0 1 01 



A + C + RAM(B) - 
Carry C 

A + RAM(B) A 
A + IO10 ^ A 
A + y ^ A 

A + RAM(B) + C - 
Carry -» C 

0 ^ A 

A ^ A 

None 

"0" -> C 
"1" C 

A (6 RAM(B) A 



Carry 

None 
None 
Carry 

Carry 

None 
None 

None 
None 
None 
None 



Add with Carry, Skip on 
Carry 

Add A to RAM 

Add Ten to A 

Add Immediate, Skip on 
Carry (y ^ 0) 

Complement and Add 
with Carry, Skip on Carry 

Clear A 

Ones complement of A 
to A 

No Operation 
Reset C 
Set C 

Exclusive-OR A with 
RAM 



593 



a 

o 
o 



ro 

o 
fi) 

3 
Q. 

^ 
D 

CO 

ro 
o 



CO 

ro 



Mnemonic 


Operand 


Hex 
Code 


Machine Language 
Code (Binary) 


Data Flow 


Skip 
Conditions 


Description 


TRANSFER OF CONTROL INSTRUCTIONS 


JID 




FF 




1 111 1 


1 


1l 


ROM (PC9:8, A, M) ^ 


None 


Jump Indirect (Note 3) 
















PC7n 






JMP 


a 


6_ 


|0 1 


1 0|0 0|a9:$ 


a ^ PC 


None 


Jump 








1 


37:0 




1 








JP 


a 




|1| 


^6:0 




1 


a -»• PC6:0 


None 


Jump within Page 








(Pages 2, 3 only) 
or 
















35:0 




1 


a PC5:0 












(all other pages) 








JSRP 


a 




|1 0 


35:0 




1 


PC + 1 ^ SA ^ SB SC 


None 


Jump to Subroutine 
















0010 -> PC9:6 
a -* PC5:0 




Page (Note 5) 


JSR 


a 


6_ 


|0 1 

1 


1 0|1 0 39:81 

37:0 1 


PC + 1 ->■ SA -»• SB -» SC 
a ^ PC 


None 


Jump to Subroutine 


RET 




48 


|0 1 


0 Oh 0 


0 


01 


SC ^ SB SA ^ PC 


None 


Return from Subroutine 


RETSK 




49 


|0 1 


0 on 0 0 il 


SC -> SB ^ SA ^ PC 


Always 
Skip on 
Return 


Return from Subroutine 
then Skip 


MEMORY REFERENCE INSTRUCTIONS 


CAMQ 




33 


[0 0 


1110 0 


1 


11 


A -> Q7:4 


None 


Copy A, RAM to Q 






3C 


|0 0 


11111 


0 01 


RAM(B) ^ Q3;o 




CQMA 




33 


|0 1 


1 010 1 


1 


1l 


Q7:4 RAM(B) 


None 


Copy Q to RAM, A 






2C 


|0 0 


1 oh 1 


0 01 


Q3:0 A 




LD 


r 


_5 


|0 0 


1 r 10 1 


0 


11 


RAM(B) A 


None 


Load RAM into A, 
















BR® r Br 




Exclusive-OR Br with r 


LDD 


r, d 


23 


|0 0 


1 0|0 0 


1 


1l 


RAM(r,d) A 


None 


Load A with RAM pointed 








|0 0 


|r |d 




1 




to directly by r, d 


LQID 




BF 


|1 0 


11111 


1 


1l 


ROM(F>C9-8, A, M) Q 


None 


Load Q Indirect (Note 3) 
















SB SC 






RMB 


0 


4C 


|0 1 


0 on 1 


0 


01 


0 -* RAM(B)o 


None 


Reset RAM Bit 




1 


45 


|0 1 


0 010 1 


0 


1l 


0 RAM{B)i 
0^ RAM(B)2 








2 


42 


|0 1 


0 OjO 0 


1 


o| 








3 


43 


|0 1 


0 0|0 0 


1 


1l 


0 ^ RAM(B)3 






SMB 


0 


4D 


|0 1 


0 on 1 


0 


1l 


1 ^ RAM(B)o 


None 


Set RAM Bit 




1 


47 


|0 1 


0 010 1 


1 


1l 


1 ^ RAM(B)-| 
1 .RAM(B)2 








2 


46 


|0 1 


0 010 1 


1 


o| 








3 


48 


10 1 


0 on 0 


1 


1l 


1 ^ RAM(B)3 
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Mnemonic 


Operand 


Hex 
Code 


Machine Language 
Code (Binary) 


Data Flow 


SIcip Conditions 


Description 


MEMORY REFERENCE INSTRUCTIONS (Continued) 


STII 


y 


7_ 


|0 1 1 1| y 1 


y ^ RAM(B) 


None 


Store Memory Immedi- 










Bd + 1 Bd 




ate and Increment Bd 


X 


r 


_6 


|0 0 1 r 1 0 1 1 C| 


RAM(B) A 


None 


Exchange RAM with A, 


XAD 


r, d 


23 


10 0 1 0|0 0 1 11 


Br e r ^ Br 
RAM(r,d) *^ fi 


None 


Exclusive OR Br with r 
Exchange A with RAM 








11 0 1 r 1 d 1 




pointed to directly by r, d 


XDS 


r 


_7 


|0 0 1 r 1 0 1 1 1| 


RAM(B) <> A 


Bd decre- 


Exchange RAM with A 










Be - 1 Bd 
Br® r ^ Br 


ments 
past 0 


and Decrement Bd, 
Exclusive-OR br with r 


XIS 


r 


_4 


10 0 1 r 1 0 1 0 01 


RAM(B) <^ A 


Bd incre- 


Exchange RAM with A 










Bd + 1 ^ Bd 
Br ® r -> Br 


ments 
past 15 


and Increment Bd, 
Exclusive-OR Br with r 


REGISTER REFERENCE INSTRUCTIONS 


CAB 




50 


10 1 0 1 10 0 0 ol 


A ^ Bd 


None 


Copy A to Bd 


CBA 




4E 


10 1 0 0|1 1 1 01 


BD ^ A 


None 


Copy Bd to A 


LBI 


r, d 




10 0 1 r 1 (d 1 


r,d-»- B 


Skip 


Load B Immediate with 








(d = 0, 9:15) 
or 




until not 
a LBI 


r, d (Note 6) 






33 


10 0 1 1 |0 0 1 1| 














11 0 1 r 1 d 1 














(any d) 








LEI 


y 


33 


10 0 1 1|0 0 1 11 


y^ EN 


None 


Load EN Immediate 






6_ 


|0 1 1 0| y 1 






(Note 7) 


XABR 




12 


10 0 0 1|0 0 1 0| 


A Br(0, 0 A3, A2) 


None 


Exchange A with Br 
















TEST INSTRUCTIONS 


SKG 




20 


10 0 1 010 0 0 01 




C = "1 " 


Skip if C is True 


SKE 




21 


10 0 1 OlO 0 0 11 




A = (RAM(B) 


Skip if A Equals RAM 


SKGZ 




33 


10 0 1 110 0 1 11 




G3:0 =0 


Skip if G is Zero 






21 


10 0 1 010 0 0 11 




(all 4 bits) 


SKGBZ 




33 


lO 0 1 110 0 1 11 


1st byte 




Skip if G Bit is Zero 




0 


01 


10 0 0 0|0 0 0 11 


Go = 0 




1 


11 


lO 0 0 1 10 0 0 1| 


'2nd byte 


Gi = 0 






2 


03 


10 0 0 OlO 0 1 11 


G2 = 0 






3 


13 


10 0 0 1 10 0 1 1| 




G3 = 0 




SKMBZ 


0 


01 


lO 0 0 010 0 0 11 




RAM(B)o = 0 


Skip if RAM Bit is Zero 




1 


11 


10 0 0 1 lO 0 0 11 




RAM(B)1 =0 




2 


03 


10 0 0 010 0 1 11 




RAM(B)2 = 0 






3 


13 


10 0 0 1 |0 0 1 11 




RAM(B).3=0 




SKI 




41 


lO 1 0 010 0 0 11 




A time-base 


Skip on Timer 












counter carry 
has occurred 
since last test 


(Note 3) 
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o 

ro 
o 
o 



o 
ro 

O 
CD 
3 
Q. 

CO 

ro 
p 



O 

CO 

ro 



Mnemonic 


Operand 


Hex 
Code 


Machine Language 
Code (Binary) 


Data Fiow 


SIcip 
Conditions 


Description 


INPUT/OUTPUT INSTRUCTIONS 






oo 


In r\ 
|U U 


1 


1 10 


0 1 


1l 


Oi — > A 


None 


Input G ports to A 






2A 


|0 0 


1 


0|1 


0 1 








ININ 




33 


|0 0 


1 


1 |0 


0 1 


11 


IN ^ A 


None 


Input IN inputs to A 






28 


|0 0 


1 


0|1 


0 0 01 






(Note 2) 


INIL 




33 


|0 0 


1 


1 |0 


0 1 


1l 


iL3, CKO, "0", ILq A 


None 


Input IL Latches to A 






on 


in n 


1 


0 1 1 


0 0 


1l 




(Notes 2 and 3) 


INJI 
1 IN L- 




OO 


|U u 


1 


1 1 n 
1 1 u 


0 1 


11 


L7-4 ->• nAIVHD; 

L3;0^ A 


None 


lnr\ii+ 1 DArfc ir\ D A IVil A 

inpui L roris lo nMivi, m 






2E 


|0 0 


1 


0 |1 


1 1 


01 




OBD 




33 


|0 0 


1 


1 10 


0 1 


1l 


Bd D 


None 


Output Bd to D Outputs 






oE 


|U 0 


1 


1 1 1 


1 1 


01 






OGI 


v 
y 


33 


|0 0 


1 


1 |0 


0 1 


11 


y G 


None 


Diitniit to Pnrt<5 






5- 


|0 1 


0 


1l 


y 


1 






Immediate 


OMG 




33 


10 1 


1 


0|0 


1 1 


11 


RAM(B)-> G 


None 


Output RAM to G Ports 






3A 


|0 0 


1 


1I1 


0 1 


0| 




XAS 




4F 


10 1 


0 


oil 


1 1 


11 


A SIO, C -> SK 


None 


Exchange A with SIO 














(Note 3) 



Note 1: All subscripts for alphabetical symbols indicate bit numbers unless explicitly defined (e.g., Brand Bd are explicitly defined) 
Bits are numbered 0 to N where 0 signifies the least significant bit (low-order, right-most bit). For example, A3 indicates the most signi- 
ficant (left-most) bit of the 4-bit A register. 

Note 2: The ININ and INIL Instructions are not available on the 24-pin WD4210 since this device does not contain the IN inputs. 

Note 3: For additional information on the operation of the XAS, JID, LQID, INIL, and SKT instructions, see below. 

Note 4: The JP instruction allows a jump, while in subroutine pagef: 2 or 3, to any ROM location within the two-page boundary of page 
2 or 3. The JP instruction, othenwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last 
word of a page. 

Note 5: A JSRP transfers program control to subroutine page 2 (CiOlO is loaded into the upper 4 bits of P). A JSRP may not be used 
when in pages 2 or 3. JSRP may not jump to the last word in page 2. 

Note 6: LBI is a single-byte instruction if d = 0,9, 10, 11. 12, 13, 14. or 15. The machine code for the lower 4 bits equals the binary view of 
the "d" data minus 1, e.g., to load the lower four bits of B (Bd) with the value 9 (IOOI2), the lower 4 bits of the LBI instruction equal B 
(IOOO2). To load 0, the lower 4 bits of the LBI instruction should equal 5 (111 12). 

Note 7: Machine code for operand field y for LEI instruction should equal the binary value to be latched into EN, where a "1 " or "0" in 
each bit of EN corresponds with the selection of deselection of a particular function associated with each bit (see Functional Descrip- 
tion, EN Register). 



The following information is provided to assist the 
user in understanding the operation of several 
unique instructions and to provide notes useful to 
programmers in writing WD4200/4210 programs. 

XAS Instruction 

XAS (Exchange A with SIO) exchanges the 4-bit 
contents of the accumulator with the 4-bit contents 
of the SIO register. The contents of SIO will contain 
serial-in/serial-out shift register or binary counter 
data, depending on the value of the EN register. An 
XAS instruction will also affect the SK output, pro- 
viding a logic controlled clock if SIO is selected as a 
shift register or 0 --> SK if SIO is selected as a bi- 



nary counter. (See Functional Description, EN 
Register, above). If SIO is selected as a shift register, 
an XAS instruction must be performed once every 4 
instruction cycles to effect a continuous data 
system. 

JID Instruction 

JID (Jump Indirect) is an indirect addressing 
instruction, transferring program control to a new 
ROM location pointed to indirectly by A and M. It 
loads the lower 8 bits of the ROM address register PC 
with the contents of ROM addressed by the 10-bit 
word, PCffS, A, M. PCg and PCs are not affected by 
this instruction. 

Note that JID requires two instruction cycles. 
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INIL Instruction 



SKT Instruction 



INIL (Input IL Latches to A) inputs two latches, IL3 
and ILq (see figure 8 ) and CKO into A. The ILsand 
I Lq latches are set if a low-going pulse ("1 " to "0") has 
occurred on the IN3 and INc inputs since the last 
INIL instruction, provided the input pulse stays low 
for at least two instruction times. Execution of an INIL 
inputs IL3 and ILO into A3 and AO respectively, and 
resets these latches to allow them to respond to sub- 
sequent low-going pulses on the INS and INO lines. If 
CKO is mask programmed as a general purpose 
input, an INIL will input the state of CKO into A2. If 
CKO has not been so programmed, a "1" will be 
placed in A2. A "0" is always placed in Ai upon the 
execution of an INIL. The general purpose inputs 
IN3— INgare input to A upon the execution of an ININ 
instruction (see table 2, ININ Instruction). INIL is use- 
ful in recognizing pulses of short duration or pulses 
which occur too often to be read conveniently by an 
ININ instruction. 



The SKT (Skip on Timer) instruction tests the state 
of an internal 10-bit time-base counter. This counter 
divides the instruction cycle clock frequency by 
1024 and provides a latched indication of counter over- 
flow. The SKT instruction tests this latch, executing the 
next program instruction if the latch is not set. If the 
latch has been set since the previous test, the next 
program instruction is skipped and the latch is reset. 
The features associated with this instruction, there- 
fore, allow the WD4200/4210 to generate its own 
time-base for real-time processing rather than rely- 
ing on an external input signal. 

For example, using a 2.097 MHz crystal as the time- 
base to the clock generator, the instruction cycle 
clock frequency will be 131 kHz (crystal frequency 
16) and the binary counter output pulse frequency 
will be 128 Hz. For time-of-day or similar real-time 
processing, the SKT instruction can call a routine 
which increments a "seconds" counter every 128 
ticks. 



LQID Instruction 

LQID (Load Q Indirect) loads the 8-bit Q register with 
the contents of ROM pointed to by the 10-bit word 
F>Cg, PCs, A, M. LQID can be used for table look-up or 
code conversion such as BCD to seven-segment. The 
LQID instruction "pushes" the stack (PC + 1 SA -» 
SB SC) and replaces the least significant 8 bits of 
F'C as follows: A -* PCj-/^, RAM(B) -* PC^-^q, leaving 
F>Cg and PCs unchanged. The ROM data pointed to 
by the new address is fetched and loaded into the Q 
latches. Next, the stack is "popped" (SC ^ SB ^ SA 
-•■ PC), restoring the saved value of PC to continue 
sequential program execution. Since LQID pushes 
SB SC, the previous contents of SC are lost. Also, 
when LQID pops the stack, the previously pushed 
contents of SB are left in SC. The net result is that the 
contents of SB are placed in SC (SB SC). Note that 
LQID takes two instruction cycle times to execute. 



WD4200 


ININ 
1 




INIL 
± 

J^SET ~ r-1 

'— 1> ^ LATCH — ' ' ' 

"l-l ^ RESET 
INIL 



Figure 9 INIL HARDWARE IMPLEMENTATION 



Instruction Set Notes 

a. The first word of a WD4200/4210 program 
(ROM address 0) must be a CLRA (Clear A) 
instruction. 

b. Although skipped instructions are not execu- 
ted, one instruction cycle time is devoted to 
skipping each byte of the skipped instruction. 
Thus all program paths take the same number 
of cycle times whether instructions are skipped 
or executed. 

c. The ROM is organized into 16 pages of 64 
words each. The Program Counter is a 10-bit 
binary counter, and will count through page 
boundaries. If a JP, JSRP, JID, or LQID instruc- 
tion is located in the last word of a page, the 
instruction operates as if it were in the next 
page. For-example: a JP location in the last 
word of a page will jump to a location in the next 
page. Also, a LQID or JID located in the last 
word of pages 2, 7, 11, or 15 will access data in 
the next group of four pages. 

OPTION LIST 

The WD4200/4210 mask-programmable options are 
assigned numbers which correspond with the 
WD4200 pins. 

TABLE 3 is a list of WD4200 options. When 
specifying a WD4210 chip, Options 9, 10, 19, 20, and 
29 must all be set to zero. The options are 
programmed at the same time as the ROM pattern to 
provide the user with the hardware flexibility to in- 
terface to various I/O components using little or no 
external circuitry. 
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lO 
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Q 



ro 

o 
fi) 



D 

CO 



CO 



TABLE 3 WD4200 

Option 1 = 0: Ground Pin — no options available 

Option 2: GKO Pin 



= 0 
= 1 
= 2 
= 3 
= 4 



clock generator output to crystal 

pin is RAM power supply (Vr input) 

general purpose input, load device to Vqc 

multi-COP SYNC input 

general purpose input, Hi-Z input 



Option 3: CKI Input 



= 0 
= 1 
= 2 
= 3 
= 4 



crystal input divided by 16 

crystal input divided by 8 

TTL external clock input divided by 16 

TTL external clock input divided by 8 

single-pin RC controlled oscillator 



Option 4: RESET Pin 

= 0: load devices to Vcc 
= 1: Hi-Z input 

Option 5: L7 Driver 



= 0 
= 1 
= 2 
= 3 



Standard output (Figure 6A) 
Open-Drain output (Figure 6B) 
LED direct drive output (Figure 6D) 
TRI-STATE®push-pull output (Figure 6E) 



Option 6: L6 Driver 

Same as Option 5 

Option 7: L5 Driver 

Same as Option 5 

Option 8: L4 Driver 

Same as Option 5 

Option 9: IN1 Input 

= 0: load device to Vcc (Figure 6F) 
= 1: Hi-Z input 

Option 10: IN2 Input 

Same as Option 9 

Option 11=0: Vcc Pin — no options available 

Option 12: L3 Driver 

Same as Option 5 

Option 13: L2 Driver 

Same as Option 5 

Option 14: Li Driver 

Same as Option 5 

TEST MODE (Non-Standard Operation) 

The SO output has been configured to provide for 
standard test procedures for the custom- 
programmed WD4200. With SO forced to logic "1", 
two test modes are provided, depending upon the 

value of SI: 



MASK OPTIONS 

Option 15: Lo Driver 

Same as Option 5 

Option 16: SI Input 

Same as Option 9 

Option 17: SO Driver 



Standard output (Figure 6A) 
Open-Drain output (Figure 68) 
Push-Pull output (Figure 6C) 



Option 18: SK Driver 

Same as Option 17 

Option 19: INq Input 

Same as Option 9 

Option 20: IN3 Input 

Same as Option 9 

Option 21: Go I/O Port 
= 0: Standard output (A) 
= 1: Open-Drain output (B) 

Option 22: Gl I/O Port 

Same as Option 21 

Option 23: G2 I/O Port 

Same as Option 21 

Option 24: G3 I/O Port 

Same as Option 21 

Option 25: D3 Output 
= 0: Standard output (A) 
= 1: Open-Drain output (B) 

Option 26: D2 Output 

Same as Option 25 

Option 27: D-) Output 

Same as Option 25 

Option 28: Dq Output 

Same as Option 25 

Option 29: COP Function 
= 0: normal operation 
= 1: MICROBUS™ option 

Option 30: COP Bonding 

= 0: VVD4200 (28-pin device) 
= 1: WD4210 (24-pin device) 



a. RAM and Internal Logic Test Mode (SI = 1) 

b. ROM Test Mode (SI = 0) 

These special test modes should not be employed by 
the user; they are intended for manufacturing test 

only. 
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APPLICATION NO. 1: WD4200 General Controller 

The diagram below shows an interconnect diagram 
for a WD4200 used as a general controller. 
Operation of the system is as follows: 

1. The L7-L0 outputs are configured as LED 
Direct Drive outputs, allowing direct connec- 
tion to the segments of the display. 

2. The D3 -Do outputs are buffered by transistors 
to drive the digits of the multiplexed display 
and to scan the columns of the 4x4 keyboard 
matrix rows. 

3. 



4. 



5. 



6. 



APPLICATION NO. 2 

Provides an interconnect diagram for a versatile 
application of the WD4200 as a keyboard/display 
interface to a microprocessor (mP)- Generally, 
operation of the WD4200 in this configuration is as 
follows: 

1. The MICROBUS™ option has been selected. 

2. System timing is provided by an external crys- 
tal. The time base for the real-time (counter and 
clock) modes is provided by the internal time- 
base counter, tested by the SKT instruction. 

3. The SIO register is used as a serial-in/serial-out 



The IN3-IN0 inputs are used to input the four 
drives of the keyboard matrix. Reading the IN 
lines in conjunction with the current value of 
the D outputs allows detection, debouncing, 
and decoding of any one of the 16 keyswitches. 

CKI is configured as a single-pin oscillator 
input allowing system timing to be controlled 
by a single pin RC network. CKO is therefore 
available for use as a VR RAM power supply 
pin. RAM data integrity is thereby assured 
when the main power supply is shut down. 

SI is selected as the input to a binary counter 
input. With SIO used as a binary counter, SO 
and SK may be used as general purpose 
outputs. 

The four bidirectional G I/O ports (G3-G0) are 
available for use as required by the user's 
application. 



shift register. In this configuration, however, SI 
Is sh ifted i nto 8 1 0 to be tested as one of the f ou r 
row lines tied to the keyboard matrix. SO is 
used to output display segment data (loaded 
into SIO with an XAS instruction) to the cas- 
caded 74C164S (8-bit parallel out serial shift 
registers). SK functions as a logic-controlled 
clock, sending a SYNC signal to clock serial 
data into the 74C164s. 

The 16 bits of data shifted into the 7401 64s are 
buffered through the DS8867s (8-segment LED 
drivers) to the 16 segments of the alpha- 
numeric LED displays. 

The Dq-Di outputs are decoded by the DS8664 
(14-digit decoder/driver) and used to select 
one of the 14digits of the multiplexed display as 
well as to scan the 13 columns of the keyboard 
matrix and the strap switch scan line (D14). 



T 



vqc- 



4 QENERAL I/O < 



a 


a 


a 


a 




Figure 10 WD4200 KEYBOARD/DISPLAY INTERFACE 
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The Gi-G lines together with SI are con- 
nected to the four rows of the keyboard matrix 
and the four strap switch lines to input key or 
strap switch data to the WD4200. The strap 
switches can be used to select one of several of 
the system modes listed below. 

The L0L7 THREE-STATE bidirectional I/O 
ports are connected to the microprocessor 
data bus to allow for input or output of data 
to and from the microprocessor and the 
WD4200. 

The various operations which can be per- 
formed by the system include the following 



"handshaking" 
modes: 



and WD4200 "stand-alone" 



a. keyboard to ixP (7-bit ASCII) 

b. keyboard to WD4200 buffer to i^iP (7-bit 
ASCII) 

c. liP to display 

d. display to nP 

e. juP to clock 

f. clock to mP 

g. juP to timer 

h. timer to nP 

i. keyboard to display 
j. clock to display 

k. timer to display 



□h 




06- 
D7- 
INTR. 



INo —SPARE INPUT 



(J QND 
Si Gi G2 G3 



CLEAR 



CLOCK 

74C164 
^QA Qb qoQdQeOfQg Oh 



9^9 



J 74C164 

^QA Oa Qc °D Qe Qf Qg Qh 



IN, IN2 IN3IN4IN5IN6IN7IN8 
DS8867 



117 II6 



13 12 11 
E I F Iq, 



INi IN2 IN3 IN4IN5 INg IN/INg 
DS8867 



\ \' V X 

? ? ? ? 



TOEACHDL416 
■flB -fie 



17 16 15 14 13 12 11 10 
A2lD2iH I I I J I kI L I M 

TOEACHDL416 
■1-16 J_16_ 



17 I 6 I1 



SEE SEGMENT 

CONFIGURATION 

FOR PINOUTS DL416(4) 



D1-D13 

TO KEYBOARD 
CONNECTOR 



A°f] °' °^ °' °* D9Di(,DiiDl2 D13 0,4 Vqc 

Bin 
C|N 

Din 



088664 



KEYBOARD LAYOUT 



O2 

SEGMENT PIN 

A1 19 

A2 IS 

B 18 

C 20 

D1 11 
D2 4 

E 7 
F 222 



"1 

SEGMENT PIN 

GI 1 
G2 14 
H 21 
I 16 



Di Z'2 D3 D4 D5 Dg D7 Dg 



D10 D„ 0,2 D,3 



Figure 1 1 WD4200 KEYBOARD/DISPLAY INTERFACE 
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WD4200/4210 

ABSOLUTE MAXIMUM RATINGS 

Voltage at Any Pin Relative to GND - 0.5V to + 7V 
Ambient Operating Temperature (Note 1) 

O^Cto +70''C 

Ambient Storage Temperature 

-65°Cto +150 

Ceramic Plastic - 55''C to + 125 

Lead Temperature (Soldering, 10 sec.) 300 
Power Dissipation 0.75 Watt at 25 

0.4 Watt at 70 



Absolute maximum ratings indicate limits beyond 
which damage to the device may occur. DC and AC 
electrical specifications are not ensured when 
operating the device at absolute maximum ratings. 



C 
C 

■c 

C 
C 

TABLE 4 



DC ELECTRICAL CHARACTERISTICS 

0° C<TA«+70° C, 4.5V<VCC<6.3V unless otherwise 
noted. 



PARAMETER 


CONDITIONS 


MIN 


MAX 


UNITS 


Operating Voltage (Vcc) 
Operating Supply Current 


Vcc 5V, Ta = 25° C 

(all inputs and outputs open) 


4.5 


6.3 
35 


V 

mA 


Input Voltage Levels 
OKI Input Levels 
Crystal Input 
Logic High (V|h) 
Logic Low (V|l) 




2.0 


0.4 


V 
V 


TTL Input 
Logic High (V||-|) 
Logic Low (V|L) 


Vcc = 5V ± 5% 


o n 


0.8 


V 

V 


Schmitt Trigger Input 
Logic High (V|h) 
Logic Low (V|i_) 




0.7 Vcc 


0.6 


V 
V 


RESET Input Levels 
Logic High 
Logic Low 




0.7 Vcc 


0.6 


V 
V 


RESET Hysteresis 




1.0 




V 


SO Input Level (Test Mode) 




2.0 


3.0 


V 


All Other Inputs 
Logic High 
Logic High 
Logic Low 


Vcc ~ 

Vor- = 5V + 5% 


3.0 
2.0 


0.8 


V 
V 
V 


Output Voltage Levels 
Standard Output 
TTL Operation 
Logic High (Vqh) 
Logic Low (Vol) 
CMOS Operation 
Logic High (Vqh) 
Logic Low (Vol) 


Vqq = 5V ± 5% 
Iqh = 100 iuA) 
Iql = -1.6 mA 

lOH = lO^A 
Iql = -10/.(A 


2.4 

Vcc-1 


0.4 
0.2 


V 
V 

V 
V 


Output Current Levels 
LED Direct Drive Output 
Logic High (Iqh) 


Vcc = 6V 
Vqh = 2.0V 


2.5 


14 


mA 


TRI-STATE® Output 
Leakage Current 




-10 


+10 


mA 


CKO Output 
VR Power Saving Option 
Power Requirements 


Vr = 3.3V 




3 


mA 



o 

to 
o 

I 

lO 
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WD4200/4210 

AC Electrical Characteristics 

0° C < TA < +70° C, 4.5V < Vqc < 6.3V unless other- 
wise stated. 



TABLES 



PARAMETER 


CONDITIONS 


MIN 


MAX 


UNITS 


Instruction Cycle Time — tC 


figure I3a 


4 


10 


lis 


CKI Using Crystal (figure 5A) 










Input Frequency — fi 


-^16 mode 


1.6 


4 


MHz 




8 mode 


0.8 


2 


MHz 


Duty Cycle (Note 2) 


figure 13b 


30 


55 


% 


CKI Using External Clock (figure 5B) 










Input Frequency 


-^16 mode 


1.6 


4 


MHz 




-r 8 mode 


0.8 


2 


MHz 


Duty Cycle (Note 2) 




30 


60 


% 




I J — 1 ivi nz 




DU 


ns 


Fall Time 


fl = 4 MIHz 




40 


ns 


CKI Using RC (figure 5C) 










Frequency 


R - lOK ± Ovo, U - 100 pF ± 10% 


U.D 


•i A 
1.0 


M1-17 


Instruction Cycle Time 




4 


ft 
0 


MO 


UKO as SYNC Input (figure 5D) 










"■o T INU 


IlyUlC 


50 




ns 












IN3-INO, G3-GO, L7-L0 


* 








tQPTI IP 
IOC 1 Ur 




1.7 




MS 


tHOi n 




100 




ns 


SI 










tSETUP 




r\ 0 
0.0 




MS 


tHOLD 




100 




ns 


Outputs: 










COP to CMOS Propagation Delay 


4.5V<VCC^6.3V. Cl = 50 pF, 










voH = 0.7 vcc. Vol = o-3 vcc 








SK as a Logic-Controlled Clock 










tPD1 






1.1 


MS 


tPDO 






0.3 


MS 


SO, SK as a Data Output 










tPDI 






1.4 


MS 


tPDO 






0.3 


MS 


tpDl 


VoH = 2V 




0.7 


IIS 


us-uo, o3"*J"0 










tPDI 






1.6 


MS 


tPDO 






0.6 


MS 


L7-L0 (Standard) 










tPDI 






1.4 


MS 


tpDO 






0.3 


MS 


L7-L0 (LED Direct Drive) 










tPDI 


VoH = 2V 




2.4 


MS 


tPDO 




0.4 


MS 


COP to TTL Propagation Delay 


fanout = 1 Standard TTL Load 










Vcc = 5V ± 5%, Cl = 50 pF, 










Vqh = 2.4V, Vol = 0.4V 








SK as a Logic-Controlled Clock 










tPDI 






0.8 


MS 


tPDO 






0.8 


MS 
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TABLE 5 Continued 



PARAMETER 


CONDITIONS 


MIN 


MAX 


UNITS 


Outputs (continu6Cl)! 










SK as a Data Output, SO 










tPDI 






1.0 


MS 


tPDO 






1.0 


MS 


D3-D0, G3-G0 










tPD1 






1.3 


MS 


tPDO 






1.0 


MS 












tPDI 






1.4 


MS 


tpDO 






0.4 


MS 


L7-L0 (Push-Pull) 










^PD1 






0.4 


MS 


tpDO 






0.0 


MS 


CKO (figure 13C) 










tPD1 






0.2 


MS 


tPDO 






0.2 


MS 


MICROBUS™ Timing 


CL = 50 dF = 5\/ + Wn 








Read Operation (figure 11) 








Chip Select Stable Before RD - tCSR 




50 




ns 


Chip Select Hold Time for RD - tRCS 




5 




ns 


RD Pulse Width - tRR 




300 




ns 


Data Delay from RD - tRD 






250 


ns 


RD to Data Floating - ^DF 






200 


ns 


Write Operation (figure 12) 










Chip Select Stable Before Wr - tCSW 




20 




ns 


unip oeiect Hold i ime tor WR - ^wub 








ns 


WR Pulse Width — tww 




300 




ns 


Data Set-Up Time for WR - tDW 




200 




ns 


Data Hold Time for WR - tWD 




40 




ns 


INTR Transition Time from WR - tWI 






700 


ns 



Note 1: Duty Cycle = twi/(twi + ^wo)- 

Note 2: See figure 7 for additional I/O characteristics. 



603 



D 

I 

D 
ro 



WD4320/43421 

ABSOLUTE MAXIMUM RATINGS 

Voltage at Any Pin Relative to GND - 0.5V to + 7V 
Ambient Operating Temperature (Note 1) 

-40»Cto +85»C 

Ambient Storage Temperature 

Ceramic -65''Cto +150''C 
Plastic -55°Cto +125°C 
Lead Temperature (Soldering, 10 sec.) 300°C 
Power Dissipation 0.75 Watt at 25° C 

0.25 Watt at 85''C 



Absolute maximum ratings indicate limits beyond 
which damage to the device may occur. DC and AC 
electrical specifications are not ensured when 
operating the device at absolute maximum ratings. 



DC ELECTRICAL CHARACTERISTICS 

- 40°C < TA < + 85°C, 4.5V < Vcc < 5.5V unless 
otherwise noted. 



TABLE 6 



PARAMETER 


CONDITIONS 


MIN 


MAX 


UNITS 


Operating Voltage (Vcc) 
Operating Supply Current 


(all inputs and outputs open) 


4.5 


5.5 
40 


V 

mA 


Input Voltage Levels 
CKI Input Levels 
Crystal Input 
Logic High (V|h) 
Logic Low (V|l) 




2.2 


0.3 


V 
V 


TTL Input 
Logic High (Vm) 
Logic Low (V|L) 


= 5V + 5% 


2.2 


0.6 


V 
V 


Schmitt Trigger Input 
Logic High (V|h) 
Logic Low (Vil) 




0.7 Vcc 


0.4 


V 
V 


RESET Input Levels 
Logic High 
Logic Low 




0.7 Vcc 


0.1 


V 
V 


RESET Hysteresis 




0.5 




V 


SO Input Level (Test Mode) 




2.2 


3.0 


V 


All Other Inputs 
Logic High 
Logic High 
Logic Low 


Vqq - Max 
Vcc = 5V ± 5% 


3.0 
2.2 


0.6 


V 
V 
V 


Output Voltage Levels 
Standard Output 
TTL Operation 
Logic High (Vqh) 
Logic Low (VOL) 
CMOS Operation 
Logic High (Vqh) 
Logic Low (Vql) 


Vqc = 5V ± 5% 

IOh'= -75mA 
IqI_ = -1.6 mA 

Iqh = -lO/iA 

Iql = -iomA 


2.4 

Vcc-1 


0.4 
0.2 


V 
V 

V 
V 


Output Current Levels 
LED Direct Drive Output 
Logic High (Iqh) 


Vcc = 5V 
Vqh = 2.0V 


1.0 


12 


mA 


THREE-STATE Output 
Leal^age Current 




-10 


+10 


mA 


CKO Output 
VR Power Saving Option 
Power Requirements 


Vr = 3.3V 




4 


mA 
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WD4320/4321 

AC Electrical Characteristics 

40°C < TA < +85°C, 4.5V < Vcc < 5.5V unless 
otherwise stated. 



TABLE 7 



PARAMETER 


CONDITIONS 


MIN 


MAX 


UNITS 


Instruction Cycle Time — 


figure I3a 


A 
n 


lU 


MS 


OKI Using Crystal (figure 5A) 










Input Frequency — fi 


-=-16 mode 


1.6 


4 


MHz 




-r- 8 mode 


n ft 






Duty Cycle (Note 2) 


figure 13b 


An 


55 


/O 


CKI Using External Clock (figure 5B) 










Input Frequency 


-r-16 mode 


1 .0 


A 

4 


Mnz 




-T- 8 mode 


U.o 


0 


mnz 


Duty Cycle (Note 2) 




40 


60 


% 


Rise Time 


fl - 4 MHz 




60 


ns 


Fall Time 


fl = 4 MHz 




40 


ns 












Frequency 


R = 15K ± 5%, C = 100 pF ± 10% 


0.5 


1.0 


MHz 


Instruction Cycle Time 




4 


8 


MS 


CKO as SYNC Inout (Uaure 










tSYNO 


figure I3b 


50 




ns 


Inputs (figurel3a): 










IN'5-INn G'i-Gr^ L7-Ln 










tSETUP 




1.7 




MS 


tHOLD 




100 




ns 


SI 










*SETUP 








MS 


tHOLD 




250 




ns 


Outputs: 










COP to CMOS Propagation Delay 


4.5V < Vcc < 5.5V, Cl = 50pF, 
VOH - 0.7 Vcc. Vql - 0-3 vCC 








SK as a Logic-Controlled Clock 






1.3 




tPD1 






MS 


tPDO 






0.4 


MS 


SO, SK as a Data Output 










tPDI 






1.6 


MS 


tPDO 






0.4 


MS 


tPDI 


Vqh = 2V 




.75 


MS 


D3-D0, G3-G0 










tPDI 






2.0 


MS 


tPDO 






1.0 


MS 


L7-L0 (Standard) 










tPDI 






2.0 


MS 


tpDO 






1.0 


MS 


L7-L0 (LED Direct Drive) 






3.0 




tPD1 


Vqh = 2V 




MS 


tPDO 






1.0 


MS 


COP to TTL Propagation Delay 


fanout = 1 Standard TTL Load 
Vcc = 5V ± 5%, Cl = 50 pF, 
Vqh = 2.4V, Vol = 0.4V 








SK as a Logic-Controlled Clock 






1.0 




tPD1 






MS 


tPDO 






1.0 


MS 
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PARAMETER 


CONDITIONS 


MIN 


MAX 


UNITS 


Outputs (continued): 










SK as a Data Output, SO 










tPDI 






1.2 


MS 


tPDO 






1.2 


MS 


D3-D0, G3-G0 










tPD1 






1.5 


MS 


tPDO 






1.5 


MS 


L7-L0 










tPDI 






1.6 


MS 


^PDO 






0.5 


MS 


L7-L0 (Push-Pull) 










^PDI 






0.5 


MS 


tPDO 






0.5 


MS 


CKO (figure 13C) 










tPD1 






0.25 


MS 


tPDO 






0.25 


MS 


MICROBUS™ Timing 


CL = 50 dF \/nn = + Wn 








Read Operation (figureli) 








Chip Select Stable Before RD - tCSR 




60 




ns 


Chip Select Hold Time for RD - tRCS 




10 




ns 


RD Pulse Width - tRR 




400 




ns 


Data Delay from RD - ^RD 






350 


ns 


RD to Data Floating - ^DF 






250 


ns 


Write Operation (figure 12) 










Chip Select Stable Before WR - tCSW 




100 




ns 


Chip Select Hold Time for WR -twCS 




50 




ns 


WH ruise Width — ^ww 




/inn 




ns 


Data Set-Up Time for WR - tDW 




350 




ns 


Data Hold Time for WR - tWD 




50 




ns 


INTR Transition Time from WR - twi 






800 


ns 



Note 1: Exercise great care not to exceed maximum power dissipation limits when direct driving LEDs or 

similar loads at high temperatures. 
Note 2: Duty Cycle = twi/(twi + two)- 
Note 3: See figure 8 for additional I/O characteristics. 
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(IN2) CS 
(INi) RD 



1 



(L7-L0) Dr-Do ■ 



Figure 12 MICROBUS™ READ OPERATION TIMING 



(INj) CS 

(IN3) WR 

(L7-LO) D7-D0 

(Qfl) INTR ' 



Jf 



two 



v 



Figure 13 MICROBUS™ WRITE OPERATION TIMING 



- INSTRUCTION CYCLE TIME (tc)- 



CLdCK) 

IN3-IN0. . 
G3-G0 L7-L0 , 
CKO & SI 
INPUTS 
G3-G0 D3.D0.. 
L7-L0. SO. SK 
OUTPUTS 



^'<' jTjmnjLAJxnjiTLrmnjijmri^^ 

— »-j tPD1 \-m- —m^ I— IPDO ' ' 

1/ / VOH pl^'^OL 



J/CI7" 



[— — I PDl 



2^ 



TfVoH 



► ' PDO-J 



Figure 14A INPUT/OUTPUT TIMING DIAGRAM (CRYSTAL H- 16 MODE) 





Figure 14B SYNCHRONIZATION 



'PDl— — I |-« ^ I— >PDO 

Figure 140 CKO OUTPUT TIMING 



Figure 14 TIMING 



See page 725 for ordering information. 
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Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license Is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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WESTERN DIGITAL 

CORPORAT/ON 

4 Bit Microcomputers 



Western Digital Components Group offers both 
PMOS and NMOS single chip microcomputers for 
dedicated controller applications. Both of these 
families are true microcomputers In that they have 
on-chip mask ROM, RAM, I/O, and clock generation 
— all of tfie elements required to implement a 
programmable microcontroller solution for your 
dedicated control problem. 

PREPROGRAMMED MICROCONTROLLERS 

Western Digital offers several preprogrammed 
microcontrollers which were developed to solve 
timing and control problems which previously had 
been implemented by electromechanical systems 
consisting of motors, cam switches, levers, etc. or for 
which a large number of random-logic IC's were 
required. Several more devices are being developed; 
for customized versions of these standard products, 
please contact the factory. 

WD-51 IRRIGATION CONTROLLER 

The WD-51 performs all of the timing and control 
functions required by a 6-station irrigation (sprinkler) 
control system for residential and commercial ap- 
plications. 

The only support circuitry required is a simple power 
supply, display, keyboard/switch matrix, and triac or 
other high-current solenoid driver. The device is fully 
programmable for a 7-day week and each station 
output is programmable from 0 to 99 minutes 
duration. Up to 3 complete watering cycles per 24 
hour period are available, as well as a pump/master 
valve output and a rain-inhibit switch input. 



CO 



WD-55 TIMER/CONTROLLER O 

The WD-55 Is a general purpose timing element for 2 

use as a dark room timer, process sequencer, ap- q 

pliance timer, time-delay relay, recycling timer, etc. It q 

may be configured for two different modes of ^ 

operation: one mode utilizes a conventional matrix ^ 

keyboard for data entry, in conjunction with a 4-digit ^ 

LED or V-F display for generating up to seven timed h 

sequential outputs. Another mode allows data entry m 
through BCD-encoded switches for triggered or 

continuous control of 2 outputs. ^ 



WD4200/4210 

These devices are fabricated using N-channel 
technology, and are hardware and software com- 
patible with National Semiconductor's COP 420/421 
devices. The WD4200 is available in a 28-pin package 
and features 23 I/O lines. The WD4210 is a bonding 
option which deletes the 4-bit IN-port and is available 
in a 24-pin package. They both feature 1 K x 8 ROM, 64 
X 4 RAM, a 4.0)iS instruction cycle time, 4.5 to 6.3V 
operation, a 3-level subroutine stack, single-level 
interrupt, serial I/O plus sync, on-chip counter/timer, 
and a high current 8-bit bidirectional port capable of 
directly driving LED displays. 



WD4320/4321 

These devices are functionally Identical to the 
WD4200/4210, but operate over an extended tem- 
perature range of -40°Cto -f-SS'C. 
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SUBMISSION OF MASK ROM CODE 

1^ To submit mask ROM code for the WD4200/4210, or 
WD4320/4321 two items need to be received: 

Zf (1) Completed I/O options list describing the desired 
2 configured of the mask-programmable options. 

— (2) The object code itself. 
30 

O The object code may be in the form of a diskette 

O containing the XXX.TRT and XXX.Lfy/l files generated 

O by a COP400 PDS development system, or EPROMS 

2 (5204, 2708, 2716, etc.), paper tape, etc. (we prefer the 

■Q diskette or EPROMS), and a hard copy printout of the 



m MASK OPTION CONFIGURATION TABLE 
S FOR WD4200/4210 and WD4320/4321 



object code. Western Digital will review and duplicate 
the media submitted and will return copies to the 
customer. 

Upon written confirmation as to the correctness of 
the data, masks are generated and an engineering 
pilot run is commenced. At the completion of the 
pilot run, approximately 10 devices are submitted to 
the customer for verification and approval. Upon 
written verification by the customer, the remainder of 
the pilot run (usually several hundred devices) are 
shipped as part of a pre-production delivery, and the 
production wafers are started for predetermined, 
scheduled delivery. 



MASK 


SELECTED* 




OPTION 


OPTION 


COMMENT 


1 




Ground Pin 


2 




CKO Pin 


3 




OKI Input 


4 




RESET Pin 


5 




L7 Driver 


6 




L6 Driver 


7 




L5 Driver 


8 




L4 Driver 


9 




IN-| Input 
NA 4210 


10 




IN2 Input 
NA 4210 


11 




Vcc Pin 


12 




L3 Driver 


13 




12 Driver 


14 




LI Driver 


15 




LO Driver 


16 




SI Input 


17 




SO Driver 


18 




SK Driver 



* Note: Refer to the data sheet for a description of the 
See page 725 for ordering information. 



MASK SELECTED* 




OPTION OPTION 


COMMENT 


19 


INo Input 




NA 4210 


20 


INs Input 




NA 4210 


21 


GO I/O Port 


22 


G1 I/O Port 


23 


G2 I/O Port 


24 


G3 I/O Port 


25 


D3 Output 


26 


D2 Output 


27 


D1 Output 


28 


DO Output 


29 


Function 


30 


Bonding 


Customer 


WDC PIN: 


CiiRtomer P/N: 



options. 



Information furnished by Western Digital Corporation Is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from Its use. No license Is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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Printed in USA 



Special Products 



Part Number Page 

WD1801 Octal Comparator 613 

WD1802 Octal Comparator 617 

WD2412 Time of Day Clock 621 
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WESTERN DIGITAL 

CORPORAT/ON 

WD1801 Octal Comparator 



FEATURES 

• +5 VOLT ONLY 

• CASCADABLE USING E.^ 

• N-MOS SILICON GATE TECHNOLOGY 

• 20 PIN PLASTIC OR CERAMIC DIP 

• TTL COMPATIBLE 

• BUILT IN PULL-UP RESISTORS ON A INPUTS 



APPLICATIONS 

• ADDRESS COMPARATOR 

• BUS COMPARATOR 

• STATUS LINE DECODER 

• BREAK POINT GENERATOR 



GENERAL DESCRiPTION 

The WD1801 Is an 8 bit wide comparator. It has been de- 
signed to minimize the logic required to Implement ad- 
dress decoding or breal< point indications, it is capable of 
comparing two 8-bit words and Is easily expanded by using 
the external enable Input Ei^. 

The matching of two 8 bit inputs plus a logic low on E,n pro- 
duces an active low on output Equt- 

The A bank inputs are Implemented with internal pull-up 
resistors to facilitate programming with inactive devices 
such as DIP switches 



AqO- 

AiO- 
BiOi 
A20- 
B20-; 

A30- 

630^ 

A4O- 

B4 0- 

B5O- 

AgO 

BeO- 

A7O- 

B7O- 

EiM o- 



;-iA^/>— I 

Vcg-vw-| 



DOii 



The logic expression for Equt active is: 
Equt = EiN (Ao © Bq) (Ai © Bi ) thru (A7 o 87) 



FIGURE 1 
LOGIC DIAGRAM 
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a 

00 

o 

















1 


• 1 


20 


— 1 


vcc 


Bo 


I 

L. 


2 


19 


Zl 


Ao 


Bl 




3 


18 


1 


Al 


B2 


1 


4 


17 


1 

□ 


A2 


B3 


IZ 


5 


16 


□ 


A3 


B4 


c 


6 


15 


□ 


A4 


B5 


c 




14 


□ 


A5 


Be 


IZ 


8 


13 


□ 


Ae 


B7 




9 


12 


□ 


A7 


vss 


IZ 


10 


11 


□ 


EquT 



FIGURE 2 
PIN CONNECTIONS 



PIN DEFINITIONS TABLE I PIN DEFiNITIONS 



PIN 


NAME 


SYMBOL 


FUNCTION 


1 


External Enable 




Active Low Input Enable 


2-9 


B Inputs 


Bo-Bz 


8 Bit B Input to Comparator 


10 


V88 


Vss 


Ground 


11 


Equal Out 


Equt 


Active Low Output for A = B 


12-19 


A inputs 


A7-A0 


8 Bit A input to Comparator 


20 


Vcc 


Vcc 


+ 5V ± 10% Power Supply 
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SPECIFICATIONS 



ABSOLUTE MAXIMUM RATINGS 

Ambient Temperature under Bias -40°Cto70°C 

Voltage on any pin witli respect 

to Ground (Vss) - 0.2 to + TV 

Power Dissipation 0.5W 



TABLE 2 

DC ELECTRICAL CHARACTERISTICS 

Ta = 0' to70«C; Vcc = 5.0V±10%; Vgs = OV; 



Storage Temp. — Ceramic - 65°C to + ISO'C 
Plastic -55'Cto +125'C 



NOTE: Maximum limits indicate where permanent device 
damage occurs. Continuous operation at tliese limits is not 
intended and should be limited to those conditions 
specified in the DC Electrical characteristics. 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


TEST CONDITIONS 


V,L 


Input Low Voltage 






+ 0.8 


V 




V,H 


Input High Voltage 


2.2 






V 




Vol 


Output Low Voltage 






0.45 


V 


loL = 3.2MA 


VoH 


High Level Output Voltage 


2.4 






V 


loH = -200pia 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 




'cc 


Supply Cun'ent 




40 


100 


MA 


All outputs open 



i 



TABLES 

DC ELECTRICAL CHARACTERISTICS 

Ta = 0° to 70°C; Vcc = 5V ± 10%; Vgg = OV; CL = 50pF 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


TEST CONDITIONS 


tpHL 


Aj or Bi to Equt Active 




55 


70 


nsec 


E IN Active 




A| or B| to EouT Inactive 




45 


60 


nsec 


E|N Active 


tE 


E|N to EquT 




40 


50 


nsec 


Ai = Bi 



NOTE: A.C. Timing Measurements at Vqh = 2.0V and Vql = 0.8V. 




FIGURE 3 
TIMING DIAGRAM 
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TYPICAL APPLICATIONS 



11 



Bo 


Equt 


Bl 


Aq 


B2 


Al 


B3 


A2 


B4 


A3 


BS 


A4 


Be 


A5 


B7 


Ae 



^IN Vss A7 



~1 



FIGURE 4 
8 BIT PROGRAMMABLE ADDRESS 
BUS COMPARATOR 



TYPICAL APPLICATIONS 



11 



EOUT 



11 



Bo 


Equt 


Bl 






B2 






B3 






B4 






B5 






Be 
B7 








vss 



FIGURES 
16 BIT PROGRAMMABLE ADDRESS 
BUS COMPARATOR 



See page 725 for ordering information. 



This is a preliminary specification with tentative device parameters and may be subject to change after final product characterization Is completed. 

Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for Its use; nor any Infringements of patents or other rights cf third parties which may result from Its use. No license Is granted by im- 
plication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change said 
circuitry at any time without notice. 
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WESTERN DIGITAL 

CORPORAT/ON 

WD1802 Octal Comparator 



o 

00 
O 
lO 



FEATURES 

+ 5 VOLT ONLY 

CASCADABLE USING E|n 

N-MOS SILICON GATE TECHNOLOGY 

20 PIN PLASTIC OR CERAMIC DIP 

TTL COMPATIBLE 

BUILT IN PULL-UP RESISTORS ON A INPUTS 
EQUATES FOR COMPLEMENTARY INPUTS 



APPLICATIONS 

• ADDRESS COMPARATOR 

• BREAK POINT GENERATOR 

• BUS COMPARATOR 

• STATUS LINE DECODER 



GENERAL DESCRIPTION 

The WD1802 is an 8 bit wide comparator. It has been de- 
signed to minimize the logic required to implement ad- 
dress decoding or break point indications. It is capable of 
comparing two 8-bit words and is easily expandable using 
the external enable Input E„g. 

The WD1802 is implemented with exclusive -OR (XOR) 
gates. It equates when the A inputs are complementary to 
the B inputs. The combination of complementary 8 bit in- 
puts plus a logic low on E,n produces an active low on the 
output EouT- 

The A bank inputs are Implemented with Internal pull-up 
resistors. The pull-up resistors plus the complementary 
logic make this device extremely easy to use with inactive 
devices such as DIP switches. 



AqO 

A,0- 

Bi<>; 

A20- 
B20-; 

A30- 
B30- 



-;-./VA/>— j 



,-.A/V/»— j 



B4 0- 

BeO-; 

ArO- 
B7O- 



The logic expression for Equt active is: 



> 



-OE. 



Equt = E |N(AoeBo),(AieBi), 

( A2S B2), (Ase B3), (A4® B4 ) 
(A5® B5), (Ae® Be), (Aye B7) 



FIGURE 1. 
LOGIC DIAGRAM 
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• 1 


20 


□ 


vcc 


Bo L. 


2 


19 


□ 


Ao 




3 


18 


ZI 


A1 


1 

B2 L_ 




17 


1 

□ 


A2 


B3 d 


5 


16 


□ 


A3 


1 

B4IZ 


6 


15 


□ 


A4 


B5IZ 


7 


14 


□ 


A5 


Bfi 1 


8 


13 


□ 


0 


B7[Z 


9 


12 


□ 


A7 




10 


11 


□ 


Equt 













FIGURE 2 
PIN CONNECTIONS 



PIN DEFINITIONS TABLE I 



PIN 


NAME 


SYMBOL 


FUNCTION 


1 


External Enable 




Enable Active Low 


2^ 


B Inputs 


BO-B7 


8 Bit B Input to Comparator 


10 


Vss 


Vss 


Ground 


11 


Equal Out 


Equt 


Active Low Output for A = B 


12-19 


A Inputs 


A7-A0 


8 Bit A input to Comparator 


20 


Vcc 


Vcc 


+ 5V ± 10% Power Supply 
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SPECIFICATIONS 



ABSOLUTE MAXIMUM RATINGS 

Ambient Temperature under Bias . 
Voitage on any pin witli respect 

to Ground (vss) 

Power Dissipation 



-40''Cto70"'C 



-0.2 to +7V 
0.5W 



TABLE 2 

DC ELECTRICAL CHARACTERISTICS 

Ta = 0° to ZO'C; Vcc = 5.0V ± 10%; Vss = OV 



Storage Temp. — Ceramic - 65°C to + ISO'G 
Plastic -SS-Cto +125''C 



NOTE: Maximum limits Indicate where permanent device 
damage occurs. Continuous operation at these limits Is not 
Intended and should be limited to those conditions 
specified in the DC Electrical characteristics. 



O 

00 

o 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


TEST CONDITIONS 


V,L 


Input Low Voitage 






+ 0.8 


V 




V|H 


Input High Voitage 


2.2 






V 




Vol 


Output Low Voltage 






0.45 


V 


loL = 3.2MA 


VoH 


High Level Output Voltage 


2.4 






V 


loH = -200fia 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 




'cc 


Supply Current 




40 


100 


MA 


All outputs open 



TABLE 3 

AC ELECTRICAL CHARACTERISTICS 

Ta = 0° to 70°C; Vcc = 5V ± 10%; Vss = OV; Cl = 50 pF 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


TEST CONDITIONS 


*PHL 


Aj or Bj to Equt Active 




55 


70 


nsec 


E|N Active 


*PLH 


Aj or Bj to Equt Inactive 




45 


60 


nsec 


E|fg Active 


tE 


E|N to Equt 




40 


50 


nsec 


Ai = Bj 



NOTE: A.C. Timing Measurements at VoH = 2.0V and Vql = 0.8V. 
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TYPICAL APPLICATIONS 



R 



ENABLE 



Bo 


Equt 


Bl 


Ao 


B2 


A1 


B3 


A2 


B4 


A3 


B5 


A4 


Be 


A5 


B7 


Ae 




Vss A7 



rE|N Vsi 
~1 



DIP 
SWITCH 



FIGURE 4 
8 BIT PROGRAMMABLE ADDRESS 
BUS COMPARATOR 



TYPICAL APPLICATIONS 



11 



Bq Equt 

Bl 
B2 
B3 
B4 
B5 



EXTERN AL 
ENABLE 



Bo 


EOUT 


B1 






82 






B3 






B4 






B5 






Be 






B7 








Vss 



DIP 
SWITCH 



FIGURE 5 

16 BIT PROGRAMMABLE COMPARATOR 



See page 725 for ordering information. 



Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime vifithout notice. 
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Printed in U S A 



WESTERN DIGITAL 



O R 



O N 



WD2412 Time of Day Clock 



FEATURES 

• SELF CONTAINED TIMEBASE USING COMMON 
BAUD RATE CRYSTAL 

• SOFTWARE SELECTABLE EXTERNAL 50 AND 
60 HzTIMEBASES 

• PROVIDES HOURS, MINUTES, SECONDS, DAY, 
MONTH, DATE, AND YEAR 

• TIME OF DAY IS AVAILABLE IN 12 AND 24 
HOUR BCD AND BINARY 

• BINARY TIME IS INTERNALLY CALCULATED 
FROM BCD TIME 

• INTERRUPT AT ABSOLUTE TIME OF DAY OR 
TIME AND DATE 

• INTERRUPT AT RELATIVE TIME 

• AUTO RELOAD FOR PERIODIC INTERRUPTS 

• PERIODIC INTERRUPTS CAN BE SET FROM 0.1 
SEC TO 1 DAY 

• TIME, DATE AND INTERRUPT REGISTERS MAY 
BE READ ON THE FLY 

» TIME, DATE OR USER CAN BE DISPLAYED ON 

6 DIGIT BY 7 SEGMENT DISPLAY 
« AM, PM, DATE, AND TIME DISPLAY MODE 

INDICATORS 



4.0960 MAX 

1.. HDh 



TO INTRQ, 
LATCH 



HOST 



INTERFACE 



■<7 

OPTIONAL 



1MS2 



OKI 
INTRQ 



DAL 

RD 
WR 



CKO 



BCD 



WD2412 
TDC 



DS 



MR 



VCC 50/60 Vss 



+ 4.5 
TO 
+ 6.3V 



t 



• DISPLAYED TIME CAN BE IN 12 OR 24 HOUR 
FORMATS 

• POWER FAIL FLAG 

• INPUTS AND OUTPUTS ARE TTL/CMOS 
COMPATIBLE 

• SINGLE +4.5 TO +6.3 VOLT SUPPLY 

• 28 PIN CERAMIC OR PLASTIC PACKAGE 

• TEMPERATURE RANGES: 0° TO +70°C, -40" 
TO +85»C 

GENERAL DESCRIPTION 

The WD2412 Time of Day clock (TDC) is a complete 
timekeeping system offering hours, minutes, 
seconds, day of week, month, date and year. Time of 
day Is available in both 24 and 12 hour BCD and 
straight binary formats. The BCD calendar automat- 
ically corrects for leap years up to the year 2100. The 
WD2412 can be programmed to provide relative or ab- 
solute real time interrupts with resolutions to a tenth 
of a second. Absolute interrupts can be based on 
time or time and date. The relative interrupt down 
counter can be read on the fly and reloads itself after 
an interrupt. 12 or 24 hour time of day date, or user 
registers can be output to an external 6 digit by 7 seg- 
ment display Also TIME, DATE, AM and PM status in- 
dicators are provided. A flag is available to inform the 
host system that a catastrophic power failure has oc- 
curred. The WD2412 includes an 8 bit bi-directional 
bus so that It may be easily interfaced to most popu- 



t 



AM PM TIME 



6 DIGIT X 7 SEG 



DATE 



CI 



6 



4 3 2 
74LS145 




L OPTIONAL 



O^I'ONAt 

Figure 1 WD2412 SYSTEM BLOCK DIAGRAM 

lar microcomputers. It is fabricated on a single 
NMOS LSI chip including all bus interface logic and 
crystal timebase oscillators. All inputs and outputs 
are TTL compatible. 

TIMEBASE 

Timebase is generated by a common 4.0960 MHz 
baud rate generator crystal or an external 50 or 60 Hz 
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signal. On power up, the timebase defaults to the 
^ internal crystal, but a software command can be 
^ issued to tine WD2412 to change its timebase over to 
O 50 or 60 Hz or back to crystal again. Due to the fact 
IS that the 50/60 Hz timebase is not synchronized to the 
j-t crystal oscillator, there may be a slight timebase error 
incurred when switching from internal to external 
timebases or bacl< again. This timebase error is 
guaranteed not to exceed 0.1 second per timebase 
switch. When operating the WD2412 from an external 
timebase, it is not necessary to provide a crystal 
oscillator Internal timing needs of the WD2412 can 
be satisfied by injecting a 4 MHz TTL level signal Into 
theCKI terminal. 



PIN DESIGNATIONS 



PIN 








NUMBER 


PIN NAME 


SYMBOL 


FUNCTION 


1 


POWER SUPPLY 


vdd 


Ground 


2 


CLOCK OUT 


CKO 


Crystal oscillator output. 


3 


CLOCK IN 


CKI 


Crystal oscillator input. 


4 


MASTER RESET 


MR 


A logic low on this input clears all internal logic 








after power up. If rise time of power supply is 








less than 1 mS, then the external RC is optional. 








Normally, this line should not be tied to the 








system reset. 


11 


POWER SUPPLY 


vcc 


+ 4.5 to +6.3VDC 


16 


TESTO 


TSTO 


Test pin. User leave open. 


18 


CRYSTAL TEST 


XTLTST 


When MR is held true this output toggles at CKI 








divided by 16. 


19 


EXT TIMEBASE 


50/60 Hz 


This optional input provides the timebase if the 








50 or 60 Hz external timebases are selected. The 








input signal should be of TTL levels with a rise 








time of better than Vs and a low time of greater 








than 20ms. If this line is not used, it should be 








tied high or left open. 


21 


TEST1 


TST1 


Test pin. User leave open. 


COMPUTER INTERFACE 


PIN NUMBER 


PIN NAME 


SYMBOL 


FUNCTION 


5-8 


DATA LINES 


DAL 0-7 


Eight active true three state bi-directional data 


12-15 






I/O lines used for information transfer to and 








from the combined status/data register 


9 


READ ENABLE 


RD 


A low on read enable in conjunction with CS 








gates the contents of the status/data register 








onto the DAL lines. 


10 


CHIP SELECT 


CS 


A low on chip select enables access to internal 








status/data register 


20 


WRITE ENABLE 


WR 


A low on write enable in conjunction with CS 








writes the state of the DAL lines to the 








status/data register 


17 


INTERRUPT REQ. 


INTRO 


Makes a low to high transition when the in- 








terrupt register needs servicing. 




Figure 2 
PIN DESIGNATIONS 
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OPTIONAL DISPUY INTERFACE 



PIN 
NUMBER 


PIN NAME 


SYMBOL 


FUNCTION 


22-24 
25-28 


DIGIT SELECT 
BCD OUT 


DS 0-2 
BCD 0-3 


Digit select for multiplexed display. 
BCD data for multiplexed display. 



COMMAND DESCRIPTION 

The WD2412 will accept and execute 24 commands. 
Command words should only be loaded onto the 
status/data register when the command ready status 
word appears on the status/data register. The com- 
mand ready byte is EEH. Whenever a data transfer 
takes place, the receiving device (either the TDC or 
the host) must acl<nowledge the transfer by sending 
a FFH. For ease of discussion, commands are divided 
into three types. 

Type I Commands 

Type I commands set internal flags and operating 
modes. They are all considered completed after 
transfer of the command. 

EOH DISPLAY OFF 

E1 H DISPLAY 12 HOUR TIME 

Ei2H DISPLAY 24 HOUR TIME 

E3H DISPLAY DATE 

E4H DISPLAY USER 

E5H SELECT CRYSTAL TIMEBASE 

E6H SELECT EXTERNAL 50 Hz TIMEBASE 

E7H SELECT EXTERNAL 60 Hz TIMEBASE 

E8H DISABLE INTERRUPTS 

COMPUTER DIALOG WITH TDC FOR 
TYPE I COMMANDS 

STATUS 1 COMPUTER TDC 

if TDC ready: 

COMMAND COMPUTER - TDC 

Type II Commands 

Type II commands set internal registers. They are all 
followed by three bytes of data. They are considered 
completed after transfer of data. All type II com- 
mands are non interruptable. 

The commands are: 



E9H 


SET 12 HOUR BCD TIME (BIN and BCD24 




also set) 


EAH 


SET 24 HOUR BCD TIME (BIN and BCD12 




also set) 


EBH 


SET DATE 


ECH 


SET DAY OF WEEK 


EDH 


SET USER 


EFH 


SET ABSOLUTE 12 HOUR TIME INT 




(Interrupts are enabled) 


F-OH 


SET ABSOLUTE 24 HOUR TIME INT 




(Interrupts are enabled) 


F-1H 


SET ABSOLUTE DATE INTERRUPT 




(Interrupts are enabled) 



F2H SET RELATIVE INTERRUPT 
(Interrupts are enabled) 

COMPUTER DIALOG WITH TDC FOR 
TYPE II COMMANDS 



STATUS 1 


COMPUTER 




TDC 


if TDC ready: 








COMMAND 


COMPUTER 




TDC 


STATUS 2 


COMPUTER 




TDC 


if TDC ready: 








BYTE 1 


COMPUTER 




TDC 


STATUS 2 


COMPUTER 


«— 


TDC 


if TDC ready: 








BYTE 2 


COMPUTER 




TDC 


STATUS 2 


COMPUTER 


■4— 


TDC 


if TDC ready: 








BYTE 3 


COMPUTER 




TDC 



Type III Commands 

Type III commands read internal registers. They are 
all followed by three bytes of data, They are con- 
sidered completed after transfer of data. All type III 
commands are non Interruptable. 

The commands are: 

F3H READ 12 HOUR BCD TIME 

F4H READ 24 HOUR BCD TIME 

F5H READ BINARY TIME 

F6H READ DATE/POWER FAIL FLAG 

F7H READ DAY OF WEEK 

F8H READ RELATIVE INTERRUPT 

COMPUTER DIALOG WITH TDC FOR 
TYPE III COMMANDS 



STATUS 1 


COMPUTER 




TDC 


if TDC ready: 








COMMAND 


• COMPUTER 




TDC 


STATUS 3 


COMPUTER 




TDC 


if TDC ready: 








BYTE 1 


COMPUTER 




TDC 


ACKNOWLEDGE 


COMPUTER 




TDC 


STATUS 4 


COMPUTER 




TDC 


if TDC ready: 








BYTE 2 


COMPUTER 




TDC 


ACKNOWLEDGE 


COMPUTER 




TDC 


STATUS 4 


COMPUTER 




TDC 


if TDC ready: 








BYTE 3 


COMPUTER 




TDC 


ACKNOWLEDGE 


COMPUTER 




TDC 
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o 

N> 

to 



CKI CKO 

LA 



osc 







-i-16 



RESET >- 



r 



XTLTST 



CRYSTAL 
TEST 
AND 
RESET 
LOGIC 



50/60 Hz y- 



- 25600 





TIMEBASE 
SELECT 









4) 


-H 10 









INTRQ* 





BCD12 








SEC 


MIN 


12 
HOUR 




- AW 
PM 




BCD24 






LOGIC 


' 1 . 






A . 


SEC 


MIN 


24 
HOUR 


(» 


' 1 . ' 







JL_L 



BINARY TIME COUNTER 



•i..ir <i 



TIME COMPARATOR 
AND INTERRUPT LOGIC 



INT 



TIME LATCH AND COUNTER 



DAY 
DAY OF 
WEEK 



POWER 
FAIL 



MONTH 
LENGTH 
LOGIC 



DATE 



LEAP 
YEAR 
LOGIC 



MONTH MONTH YEAR 





DATE COMPARATOR 




* 

XI NT 







LATCH 



DSO-2 



BCDO-3 



DISPLAY 
MULTIPLEXER 



DISPLAY 
SELECT 



BCD12 
BCD24 

DATE 



USER 



LATCH 



CS 

We 

RE 

DALO-7 



CP 



HOST 
INTERFACE 

AND 
CONTROL 
LOGIC 



0 



TIME 
SAMPLE 

AND 

SET 
LATCHES 



TO ALL INTERNAL 



REGISTERS 



WD2412 FUNCTIONAL BLOCK DIAGRAM 
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Master Reset 

Upon receipt of a Master Reset, the WD2412 defaults 
to the following values: 

BCD24 
BCD12 
BIN 
DATE 
DAY 

RELATIVE INT 
TIMEBASE 
DISPLAY 
INTERRUPTS 
POWER FAIL FLAG 



00:00:00 (Midnight) 
12:00:00 AM 
0 

00/00/00 
0 (Sunday) 
0 

Crystal 
Off 

Disabled 
Set 



Power Fail Flag 

When power is restored to the WD2412, it initiates a 
master reset. As part of this, the Power Fail Flag is 
set. Normally, at the erid of a day, the DAY and DATE 
registers are incremented. When the Power Fail Flag 
is set, the DATE register remains at 00/00/00 to in- 
dicate that the power failed although the DAY register 
is still incremented. Elapsed time since WD2412 
power up can be determined by reading any time of 
day register in conjunction with the DAY register. 

ORGANIZATION 

The WD2412 includes eight 3-byte user addressable 
registers. These registers are 12 hour BCD Time of 
Day (BCD12), 24 hour BCD Time of Day (BCD24) 
Binary Time of Day (BIN), Date (DATE), Day (DAY), 
User (USR), Time of Day Absolute and relative in- 
terrupt register (INT) are extended (Date Absolute) 
interrupted register (XINT). 

BCD24 Register 

This read/write register holds the present time of day 
in a 24 hour BCD format. Data are arranged in a 
packed BCD format with two digits per byte. 

byte 3 byte 2 byte 1 



H10 


H1 




M10 


M1 




810 


si 


7 6 5 4 


3 2 10 


7 6 5 4 


3 2 10 


7 6 5 4 


3 2 10 



BCD12 Register 

This read/write register holds the present time of day 
in a 12 hour BCD format. Data are arranged in a 
packed BCD format with two digits per byte. An 
AM/PM indicator is available on the most significant 
bit of the most significant byte. This bit is reset for 
AM and set for PM. 



bvteS 



bvte 2 



byte 1 



PM 



HID H2 



M10 



Ml 



SIO 



81 



76543210 7654 3210 7654 3210 



Bin Register 

This read only register also holds the present time of 
day, but in a straight binary format. The format is in 
one-tenth second ticks since midnight. The value of 
this 20 bit register can vary from 0 through 863,999 
decimal. Data is arranged in a seven bit per byte 
format with the most significant bit of the byte 
always set to zero. 

byte 3 byte 2 



bytel 



0 0 



bits 14-19 



bits 7-13 



bits 0-6 



76 543210 7 



543210 7 6543210 



Date Register 

This read/write register holds the present date in a 
BCD format. Again, data is arranged in a packed BCD 
format with two digits per byte. 

byte 3 byte 2 bytel 



M10 



Ml 



D10 



D1 




7654 3210 7654 3210 7654 3210 



User Display Register 

This write only register is used for user program- 
mable outputs to the optional six digit display Valid 
characters are 0-9 and blank. Blanks are entered as 
10's. 



byte 3 



byte 2 



bytel 



D5 



D4 



D3 



D2 



D1 



DO 



7654 3210 7654 3210 7654 3210 

Day Register 

This read/write register holds the day of the week as 
a binary integer ranging in value from 0 to 6. Sunday 
is usually considered 0, but this is a completely 
arbitrary designation. For software simplicity, set day 
and read day are standard Type II and Type III com- 
mands respectively On set day, the unused fields can 
be set to anything that won't interfere with the 
command protocol. On read day, the unused fields 
are zeroed. 



byte 3 



byte 2 



bytel 



UNUSED 



UNUSED 



UNUSED 



DAY 



7654 3210 7654 3210 765 4 3210 



a 

to 
ro 
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INT and XI NT Registers 

^ These registers have three modes, depending on 
D how they are set. In the relative mode, a binary 
^ countdown value is loaded into the INT register and 
-A an interrupt is generated when this value is 
decremented to zero. When the terminal value is 
reached, the register is automatically re-loaded, 
unless specifically disabled by the interrupt service 
routine. This feature allows periodic interrupts with 
no software overhead. The period can be set 
anywhere from 100 mS to 1 day. 

If the INT register is read while in the relative mode, 
the number of ticks until interrupt will be returned. 
The data pattern Is In the same format as in the BIN 
register 

In the absolute time mode, a time of day in the same 
format as the BCD24 register Is loaded into the INT 
register. When this time Is matched, a single Interrupt 
will be produced and then the interrupts will be 
disabled. To enter the absolute time/date mode, load 
the INT register with the absolute time then load the 
XINT register with the absolute date. An interrupt will 
only be generated when both time and date match. 

OPTIONAL DISPLAY 

The WD2412 can interface to a seven segment by six 
digit display and four status indicators. 12 or 24 hour 
time, date, or user defined numeric message can be 
displayed. Four status indicators are provided as 
follows: 



NAME SEG DESCRIPTION 



AM 


e 


Lit only when displaying 12 hour 






time 


PM 


c 


Lit only when displaying 12 hour 






time 


TIME 


d 


Lit when displaying 12 or 24 hour 






time 


DATE 


b 


Lit when displaying date 



ABSOLUTE MAXIMUM RATINGS 

Voltage at Any Pin Relative to GND. . . - 0.5V to + 7V 

Ambient Operating Temperature 
(Note1) O-Cto +70'C 

Ambient Storage Temperature 

Ceramic -eS'Cto h-ISO'C 

Plastic -55'Cto +125''C 

Lead Temperature (Soldering, 10 sec.) 300°C 

Power Dissipation 0.75 Watt at 25''C 

0.4Wattat70°C 

Absolute maximum ratings indicate limits beyond 
which damage to the device may occur DC and AC 
electrical specifications are not ensured when 
operating the device at absolute maximum ratings. 

NOTE 1: An extended temperature range WD2412 is 
available which will operate within an 
ambient temperature range of -40°C to 
+ 85''C. 



DC ELECTRICAL CHARACTERISTICS 

O'C <Ta< + 70° C, 4.5V<Vcc<6.3V unless otherwise noted. 



PARAMETER 


CONDITIONS 


MIN 


MAX 


UNITS 


Operating Voltage (Vcc) 




4.5 


6.3 


V 


Operating Supply Current 


Vcc = 5V, Ta = 25'C 




40 


mA 




(all Inputs and outputs open) 








Input Voltage Levels 










CKI Input Levels 










Crystal Input 










Logic High(V|H) 




2.0 




V 


Logic Low{V|L) 






0.4 


V 


All Other Inputs 










Logic High 


Vcc = Max 


3.0 




V 


Logic High 


Vcc = 5V ± 5% 


2.0 




V 


Logic Low 






0.8 


V 


Output Voltage Levels 










Standard Output 










TTL Operation 


Vcc = 5V ± 5% 








Logip High (Vqh) 


lOH = IOOmA) 


2.4 




V 


Logic Low (Vql) 


lOL = -1.6 mA 




0.4 


V 


THREE-STATE Output 










Leakage Current 




-10 


+ 10 
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AC ELECTRICAL CHARACTERISTICS 



PARAMETER 


CONDITIONS 


MIN/MAX 


UNITS 


Read Operation (Figure 4) 










Chip Select Stable Before RD — 


tCSR 


Cl = 50pf;Vcc = 5V±5% 


50 min 


ns 


Chip Select Hold Time for RD — 


tRCS 


5 min 


ns 


RD Pulse Width — tRR 




300 min 


ns 


Data Delay from RD — tpD 






250 max 


ns 


RD to Data Floating — tpF 






200 max 


ns 


Write Operation (Figure 3) 










Chip Select Stable Before WR — 


tcsw 




20 min 


ns 


Chip Select Hold Time for WR - 


■twos 




20m|n 


ns 


WR Pulse Width — tww 




300 min 


ns 


Data Set-Up Time for WR — tDW 






2130 min 


ns 


Data Hold Time for WR — twD 






40 min 


ns 



to 
to 



Figure 5 INPUT/OUTPUT TIMING DIAGRAM (CRYSTAL * 16) 



<csw 



twcs 




Figures WRITE OPERATION TIMING 



CS- 

RD- 
DAL- 



tCSR 



-tRR- 



-•-tRCSi 



I* tDF- 



Figure4 READ OPERATION TIMING 



CKI 



INSTRUCTION CYCLE TIME *^ 

jTjrmmrinjLrmrinnjmjuiJVLn^^ 



tPD1 I 



tpDO 



BCD0-BGD3 
DS0-DS2 



Figures INPUT/OUTPUT TIMING DIAGRAM (CRYSTAL + 16) 

See page 725 for ordering Information. 



Vol 
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implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 

specifications at anytime without notice. 
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Printed in U S A 



Memory Products 



Part Number Page 

FR1502 First-In/First-Out Buffer Register 631 

WD1510-00,01 LIFO/FIFO Buffer Register 637 

WD1511 LIFO/FIFO Support Device 641 

WD5010 Single/Dual Read Content — Addressable Memory 645 

WD5869 Dynamic Shift Register 649 

WD74HC200 256 x 1 CMOS Static RAM 653 

WD8206 Error Detection and Correction Unit 657 

WD8207 Advanced Dynamic RAM Controller 677 
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WESTERN DIGITAL 

CORPORAT/ON 

FR1502 FirsMn/First-Out Buffer Register 



FEATURES 

• 40 CHARACTERS BY 9 BITS 

• EXPANDABLE CHARACTER AND BIT SIZE 
(CASCADE CAPABILITY) 

• DC TO 1 MHz ASYNCHRONOUS I/O ACCESS 

• INPUT/OUTPUT READY STATUS FLAGS 

• THREE STATE OUTPUTS 

• SEPARATE INPUT AND OUTPUT ENABLES 

• DIRECTLY TTL AND DTL COMPATIBLE 

• MASTER RESET 

• NO EXTERNAL CLOCKS REQUIRED 

• AVAILABLE IN REL-PAC (F) OR CERAMIC (E) 
PACKAGES 

APPLICATIONS 

POINT OF SALE TERMINALS 

DATA TRANSMISSION BUFFER 

LINE PRINTER INPUT BUFFER 

KEY-TO-TAPE/KEY-TO-DISC EQUIPMENT 

CARD/TAPE READERS 

AUTO DIALERS 

CRT BUFFER MEMORY 

CONTROL STACK SILO ORIENTED MACHINES 

COMPUTER/TERMINALS I/O INTERFACE 
BUFFER 

TELEPRINTER BUFFER 



GENERAL DESCRIPTION 

The FIFO (FIrst-ln/First-Out) Storage Chip is an asynchron- 
ous memory organized in a nine-bit by forty-character stack. 
Characters are loaded at the top of the stack and then "sink" 
to the bottom of the stack, or to the level of previously en- 
tered data, without external clocks being applied. As a char- 
acter is taken from the bottom of the stack, all of the previ- 
ously loaded characters will automatically propagate toward 
the output (bottom of stack). 

Data can be entered whenever the INPUT REGISTER 
EMPTY line is high by strobing INPUT STROBE. The INPUT 
ENABLE line must also be high while strobing. The INPUT 
STROBE resets INPUT REGISTER EMPTY and latches the 
input data. As soon as this data is latched, INPUT REGIS- 
TER EMPTY will again go high and additional data can be 
loaded. 

When data reaches the FIFO output, the OUTPUT DATA 
READY line will go high. The data is then valid at the outputs 
(providing the OUTPUT ENABLE line is high). The falling 
edge of the OUTPUT STROBE causes the OUTPUT DATA 
READY line to go low and to shift new data into the output 
register. When the new data is available, the OUTPUT DATA 
READY signal again goes high. 

The FIFO output data lines are in high impedance state 
whenever the OUTPUT ENABLE line is low. 

The logic conventions and internal delays designed into the 
FIFO allow direct expansion of the memory without external 
hardware (Cascade Mode). 



■n 
o 

lO 




PIN CONNECTIONS 



I NPUT ENABLE 

(IE) ; 
(iRo) 



(IRi) 

(IR2) 
(IRs) 



INPUT 
DATA. 



(IR.) 
(IR5) 

(IRe) 

(IR7) 



(IRe) 



INPUT ^ INPUT 



STROBE 
(IS) 



CONTROL 



n 



O UTPUT ENAB LE 
J (OE) 
(ORo) , 



(OR,) 



(ORs) 

(OR3) 



OUTPUT 
^25.^) DATA 



(ORe) 



(OR7) 



INPUT*REGISTER 
EMPTY (IRE) 



CONTROL REGISTER *~ OUTPUT ^OUTPUT 

OONTHOL HEQISTER | ^cONTROLr STROBE 

MASTEft RESET OUTPUT*DATA 
(MR) 



(OS) 



READY (ODR) 



BLOCK DIAGRAM 
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INTERFACE SIGNALS DESCRIPTIONS 



PIN 
NUMBER 


SIGNAL NAME 


SYMBOL 


FUNCTION 


25-28, 
2-6 


INPUT REGISTER 


IRO- 
IR8 


Input datalines. These are input (but not latched) to the 
FIF-O Independently of the INPUT ENABLE or INPUT 
STROBE. 


on 


IMPI IT RPniCTCP 

EMPTY 


IDC 

irit 


Wlien high, indicates that data can be loaded into the FIFO. It is 
reset to a low by falling edge of the Input Strobe. 


22 


INPUT STROBE 


IS 


Latches INPUT DATA in the FIFO on rising edge. 


24 


MASTER RESET 


MR 


When high, clears the FIFO control registers. This leaves the 
OUTPUT REGISTER DATA (OR0-OR8) in an undefined state, 
sets INPUT REGISTER EMPTY (IRE) to high and resets OUT- 
PUT DATA READY (ODR) to low. 


19-11 


OUTPUT REGISTER 


ORO- 

\jv\o 


Thi'ee state data outputs. When OE is low, the outputs are in the 
high impedance state. When OE is high, these lines present the 
previous latched data in a first-in/first-out manner. 


10 


OUTPUT DATA 

RPAnV 


ODR 


ODR is high when data is latched and available at the data output 
lines. Is reset to low by the falling edge of OUTPUT STROBE 
(OS) if OUTPUT ENABLE (OE) is high. 


7 


OUTPUT STROBE 


OS 


A lalling edge of this signal resets the OUTPUT DATA READY 
(OOR) line and then shifts the data one step towards the output 
if OUTPUT ENABLE (OE) is high. 


23 


INPUT ENABLE 


IE 


When high, enables the input control logic. At any state of 
IE or IS, the INPUT DATA will be transferred into the FIFO, 
but can not be latched unless IE is high. 


8 

1 


OUTPUT ENABLE 

Vss POWER 
SUPPLY 


OE 

Vss 


When low, OE puts the output lines (OR0-OR8) in high imped- 
ance state. When high, the output lines present the output data. 

+5VDC 


21 


Vdd power 

SUPPLY 


Vdd 


0 Volt— GND 


9 


Vgg power 

SUPPLY 


Vgg 


-12VDC 
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INPUT STROBE 
MSI 

(SEE NOTE) 



LATCHES DATA AND RESETS IRE 



n. 



o 
ro 



INPUT ENABLE 



OUTPUT STROBE 



OUTPUT STROBE 

IGNORED SINCE RESETS ODR AND 

SHIFTS DATA 



^IGNORED SINCE ' 
/ OE IS LOW / i 



OUTPUT ENABLE . 



SWITCHING CHARACTERISTICS 



SWITCHING WAVE FORMS 



(SEE NOTE) 

Tdis 



IRO- 
IR8 



4 



INPUT 
DETAIL 



:w/// ///////// m: 



ymm. 



■Tire . 



ORO- 
ORB 



-mum ' 



Toes 



, ToDV . 



Tosu 



Tdr 



V 



ToEH 1^ 



OUTPUT 
DETAIL 



Tosh 











tqdr y 







SWITCHING WAVE FORMS 
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ABSOLUTE MAXIMUM RATINGS 

n 

30 Vqq Supply Voltage +0.3V to -20V 

cn Vqd Supply Voltage +0.3V to -20V 

S Clock Input Voltage* +0.3V to -20V 

Logic Input Voltage* +0.3V to -20V 

Logic Output Voltage* +0.3V to -20V 

Storage Temperature (Ceramic) -65°C to +150°C 

Storage Temperature (Plastic) -55°C to +125°C 

*Vqq = VDD = OV 

NOTE: These voltages are measured with respect to Vgs (Substrate) 



ELECTRICAL CHARACTERISTICS 

(Vgg = +5V ± 5%; Vdd = OV; Vqg =-12V ± 5%; TA = 0°C to +70°C unless otherwise specified) 



SYMBOL 


PARAMETER 


MIN 


MAX 


CONDITIONS 




INPUT LOGIC LEVELS 








V|L 


Low-level Input Voltage 




0.8V 


Vss = 4.75V 


V|H 


High-level Input Voltage 


VSS-1-5V 




(NOTE 1) 




OUTPUT LOGIC LEVELS 






(NOTE 2) 


Vol 


Low-level Output Voltage 




0.4V 


Vss = 5-25V 










Iql = -1.6mA 


VOH 


High-level Output Vsltage 


Vss-lOV 




Vss = 4.75V 










lOH = +200 uA 




INPUT CURRENT 








l|L 


Low-level Input Current 




-1.6mA 


Vss = 5.25V 




(each pin) 






V|N = 0.4V 


■ss 


SUBSTRATE SUPPLY CURRENT 




65 mA 


Vss = 5.25V 








Vgg = -■<2.6V 


<GG 


GATE SUPPLY CURRENT 




-30mA 


V|N = 0.4V 



NOTE 1 : All inputs have pull-up resistors. This allows unloaded TTL outputs of 2.0V to be connected and operate properly. 
When connected, this voltage (2.0V) will become Ve;s -1.5V. 

NOTE 2: VoLand Vqh when OE = V|h (low impedance output). High impedance (OE = V|l) == 10 Mohm. 
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SWITCHING CHARACTERISTICS — See "Switching Waveforms" 

{Vss = +5V, Vdd = OV, Vqg = -12V, Ta = 0°C to +70°C, CloAD = 10 Pf) 



SYMBOL 


PARAMETER 


MIN 


MAX 


CONDITIONS 


"•"lES 


Input Enable Setup Time 


0 ns 








"•^lEH 


Input Enable Hold Time 


0 ns 










Data Input Setup Time 


0 ns 








"'"dih 


Data Input Hold Time 


250 ns 








"■"iRL 


Input Register Load Time 




250 ns 






"''ire 


Input Register Empty Time 




800 ns 






T|SL 


Input Strobe Low Time 


450 ns 








"•"iSH 


Input Strobe High Time 


150 ns 








"•"OES 


Output Enable Setup Time 


50 ns 








"■"OEH 


Output Enable Hold Time 


50 ns 






> (N0TE1) 


"•"OSL 


Output Strobe Low Time 


150 ns 








"■"ODR 


Output Data Ready Time 




200 ns 






"•"dr 


Data Reset Time 




600 ns 








Output Propagation Delay Time 




250 ns 






"■"ODRL 


Output Data Ready Low 




600 ns 






"^OSH 


Output Strobe High Time 


500 ns 








"^ODV 


Output Data Valid Time 




200 ns 




■^R 


Maximum Ripple Time 




10 us 


(NOTE 2) 




Maximum Bubble Time 




25iuS 


(NOTE 3) 


"■"mr 


Master Reset Pulse Time 


500 ns 






b 


Maximum Data Rate 




1 MHz 


(NOTE 4) 



NOTE 1:Trise = Tfaii = 10nS. 

NOTE 2: Ripple Time — time required for a single data character to propagate from the input to the output of an empty FIFO (IS 

strobing edge to ODR rising edge). 
NOTE 3: Bubble Time— time required for a "hole" to propagate from the output to the input of a full FIFO (falling edge of OS to 

rising edge of IRE). 

NOTE 4: Thej maximum data rates for a "single" FIFO (not cascaded) and for FIFO's cascaded together are the same, 
GENERAL NOTE: All A.C. test points are at 0.8V or 2.0V. 
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ORDERING INFORMATION 



Ta = 0°C to +70''C 









MAX. 




PACKAGE 




DATA 


PART NO. 


TYPE 


CASCADABLE 


RATE 


E-10 


CERAMIC 


YES 


1.0 MHz 


F-10 


PLASTIC 


YES 


1.0 MHz 


E-11 


CERAMIC 


NO 


500 KHz 


F-11 


PLASTIC 


NO 


500 KHz 







Vss 

1 






1 










/ ^ 


OE 


3n, 




IE 












n. 

R, 9 » « 








OR, 
OR 

OH, 










Ri 


>R, 










OUTPUT 


INPUT 






ne c 


DR 




RE 

S C 


on 






STHOeE 

OUTPUT 


REG 








RE5ET 

1 








DATA 

— j ^ READY 


INPUT 






^ss 












OUTPUT 








- 1 






1 






ENABLE 


?*' 


/ 




IE OE *i 

s c 

R. 

n, 


DR 

Ml. 
}R. 


• 


RE C 

S 

R. 

n a > 40 

' FIFO 


DR 

OR. 

DR. 
DR, 












n» 


>R. 






DR, 








\ * 




IR. 






DR, 
DR, 

























EXPANSION EXAMPLE 

FR1502E/F-10 



information furnished by Western DIgitai Corporation is believed to be accurate and reiiable. l-lowever, no responsibility is assumed by Western Digital 
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from Its use. No license Is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 

specifications at anytime without notice. 



See page 725 for ordering information. 
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WESTERN DIGITAL 

CORPORAT/ON 

WD1510 00,-01, 02 LIFO/FIFO Buffer Register 



FEATURES 

« WORD LENGTH SELECTABLE: 128 OR 132 
<» 9 BIT WORD WIDTH 

• DC TO 650 KHZ ( - 00), 1 MHz ( - 01), 1.2 MHz ( - 02) 
» EMPTY AND FULL FLAGS 

« THREE-STATE DATA LINES 
o 5-VOLTONLY 

• NO EXTERNAL CLOCKS REQUIRED 

« TTL COMPATIBLE ON ALL INPUTS AND 

OUTPUTS 

• 28 PIN PLASTIC OR CERAMIC DIP 

« CASCADABLE WITH WD1511 SUPPORT CHIP 

• FULLY ASYNCHRONOUS DUAL PORT 
OPERATION 

GENERAL DESCRIPTION 

The WD1510 is an MOS/LSI Memory Buffer which is 
organized as a 9-bit by 128 or 132 word stack. The 
chip has 2 bidirectional data ports and may be read 
from or written into either port. Thus, the chip can 
function as a LIFO from either port or it can function 
as a FIFO, with data flow from either port A to port B 
or vice versa. The DIRECTION input pin is used to 

PIN DEFINITIONS 



specify the data flow direction. The WD1510 
fabricated in 5-volt only N-channel technology. 

APPUCATIONS 

• POINT OF SALE TERMINALS 

• COMPUTER-TO-PERIPHERAL BUFFER 

• CRT BUFFER MEMORY 

• LINE PRINTER BUFFER 

• INTERRUPT STACK (LIFO MODE) 



VssC 

EMPTYC 



15S/132C 4 

mrC 

PAOC 
PBOC 
PA1 C 
PB1 C 
PA2 C 
PB2C 

PA3 1: 

PBSC 
PA4C 



28 □ FULL 
27 □CSB 
26 □ SSC 
25 □ DIR 
24 □ PB8 
23 □ PAS 
22 U PB7 
21 H PA7 
20 □ PB6 
19 □ PA6 

□ PBS 

□ PAS 

□ Vcc 

□ PB4 



PIN CONNECTIONS 



PIN NUMBER 


NAME 


SYMBOL 


FUNCTION 


1 


VSS 


VSS 


Ground 


2 


EMPTY 


EMPTY 


Indicates when there is no data In the buffer 


3 


CHIP SELECT PORT A 


CSA 


Used to select Port A for either a Read or Write 

operation 


4 


128 OR 132 


128/132 


Used to set word length. When low word length 
= 128, when high word length = 132 


5 


MASTER RESET 


MR 


When pulsed will clear the buffer and set the 
EMPTY pin 


6,8,10,12,14, 


PORT A DATA LINES 


PA0-PA8 


Bidirectional DATA Port for reading or writing 


17,19,21,23 






7,9,11,13,15 


PORT B DATA LINES 


PB0-PB8 


Bidirectional DATA Port for reading or writing 


18,20,22,24 






16 


Vcc 


Vcc 


+ 5 volts ± .25V 


25 


DIRECTION 


DIR 


When low DIR specifies that Port A may be read 
from and Port B may be written into. When high 
DIR specifies that Port A may be written into 
and Port B may be read from. 


26 


SYSTEM SENTINEL^"* 


SSC 


No connection (For future use) 




CHECKOUT 




27 


CHIP SELECT PORT B 


CSB 


Used to select Port B for either a Read or Write 
Operation 


28 


FULL 


FULL 


Indicates that ail 132 or 128 words of memory 
are loaded with data 
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o 

ai 

o 

6 
o 



o 
ro 



PORT 
A 



CSA 



9 BITS 



WD 1510 



DIR 
MR. 
128/132- 



A 
V 



9 BITS 



PORT 
B 



CSB 



FULL 
EMPTY 



OPERATION 

The WD1510 contains a 132 x 9 buffer which may be 
programmed for 128 x 9 operation. Setting the 
128/132 pin to a Logic 0 enables the EMPTY and 
FULL lines to be activated when 128 bytes are read or 
written. When the 128/132 line Is set to a Logic 1 or 
left open, the 132 byte operation is enabled. This line 
contains an Internal pull-up resistor of approximately 
5KQ. 

When the Master Reset Line (pin 5) Is set to a Logic 1 , 
all Internal counters are reset and the EMPTY Flag Is 
set. Prior to reading or writing data, the DIRECTION 
Line (pin 25) must be set to select the desired 
operation: 



DIR 


PORTA 


PORTB 


1 


WRITE 


READ 


0 


READ 


WRITE 



To operate the device in the FIFO mode, both Ports 
must be used. If the DIRECTION Line is set to a Logic 

ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 

Vcc with respect to Vss 

(Ground +7V 

Max Voltage on any Pin with 

respect to Vss - 0-5V to + 7V 

Operating Temperature CCtoyCC 



1, then data is written into Port A and read out of Port 
B. ReadingA/Vriting to the two ports can be done 
asynchronously. 

In the LIFO mode only one port is used. For example, 
If using Port A, the DIRECTION Line is set to a Logic 
1 to enter data, and is reset to a Logic 0 to read data. 

Reading or writing is performed by setting the ap- 
propriate CS (Chip Select) Line to a Logic 0. After the 
specified hold time has expir ed, d ata may be entered 
or read on the rising edge of CSA or CSB. In a Read 
mode, data is valid as long as CS remains active. 
Both Ports return to the high impedance state when 
CS Is returned to a Logic 1 . 

The EMPTY Line (Pin 2) and the FULL Line (Pin 28) 
are used as status or interrupt lines to determine the 
status of the buffer. When both EMPTY and FULL are 
at a Logic 0, the buffer contains 1 thru 127 bytes 
(128/132 = 0)or1 thru 131 bytes (128/132 = 1). 



Storage Temperature 

Plastic -55°Cto +125"C 

Ceramic -esXto -i- 150°C 

OPERATING CHARACTERISTICSXDC) 

TA = 0'*Cto70°C,Vss = OV.Vcc = +5V ± .25V 



SYMBOL 


CHARACTERISTIC 


MIN 


TYP 


MAX 


UNITS 


CONDITIONS 


ILI 


Input Leakage 






10 




V|N = Vcc 


ILO 


Output Leakage 






10 


mA 


VOUT = Vcc> Vss 


V|H 


Input High Voltage 


2.2 






V 




V|L 


Input Low Voltage 






0.8 


V 




VOH 


Output High Voltage 


2.4 






V 


IQ = - IOOmA 


VOL 


Output Low Voltage 






.4 


V 


Iq = 1.6 mA 


Ice 


Power Supply Current 




125 


200 


mA 


All outputs open 
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A.C. TIMING CHARACTERISTICS 

TA = 0°Cto70°C,VsS = OV,VcC = +5V ± .25V, Vqh = 2.0V, VqL = 0.8V 



SYMBOL 


CHARACTERISTICS 


WD1510-00 


WD1510-01 


WD1510-02 


UNITS 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


tmr 


Master Reset Time 


400 




250 




250 




NS. 


tdv 


Data Valid from OS 




550 




350 




300 


NS. 


tdh 


Data Moid from OS 


150 




100 




80 




NS. 


tdir 


DIR Setup Time 


1500 




1000 




834 




NS. 


tev 


EMPTYValid from OS 




550 




350 




250 


NS. 


tfv 


FULL Valid from OS 




550 




350 




250 


NS. 


tqsl 


OS Pulse Width Low 


600 




500 




417 




NS. 


Tosh 


OS Pulse Width High 


600 




500 




417 




NS. 


TCY 


OS Cycle Time 


1540 




1000 




834 




NS. 


tds 


Data Setup Time 


80 




50 




50 




NS. 


fmax 


Data Transfer Rate 




.65 




1.0 




1.2 


MHZ 



■ TCSL 



CSA or C§B 

DATA PORT 
DIR 



Tds 



■Tdh 



///////////////X V/////// 



• Tdir 



WRITE OPERATION 



TcSL 



CSA or CSB 



■Tdv- 



DATA PORT 



2ZZZZZZZZZZZZ^^^™XZZZZZZZ 



read operation 



MR 



Tmr 



CSA or CSB 



EMPTY or FULL 



•TcSL- 



H tfv~H 



TCSH 



I OLD VALUE 



X 



NEW VALUE 



TCY 



MISC TIMING 



See page 725 for ordering information. 
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Printed in USA 



WESTERN DtGITAL 

CORPORAT/ON 

WD1511 LIFO/FIFO Support Device 



FEATURES 

• CASCADES UP TO 4 ASYNCHRONOUS RAM 
BASED LIFO'S/FIFO'S 

• CONTROLS 2-T0-1 OR 4-Tai BUFFERED BUS 
CONVERSION 

• PIN SELECTABLE OPERATING MODES 

• LOGICALLY TRANSPARENT TO HOST 
INTERFACE 

• ALL INPUTS AND OUTPUTS TTL COMPATIBLE 

• SINGLE +5V SUPPLY 

• 20 PIN DUAL-IN-LINE PACKAGE 

• DIRECT COMPATIBILITY WITH THE WD1510 
LIFO/FIFO 



RESET XZ. 


•1 


20 


□ vcc 


CSAO m 


2 


19 


□1 CLKA 


csat 


3 


18 


Z] CLKB 


CSA2 □ 


4 




Z] EMPTY 


CSA3 


5 


WD1511 


ZD FULL 


csBo 


6 


15 


Zl DIR 


csbT □ 




14 


Zl FIFO/LiFO 


CSB2 d 


8 


13 


EXT. StROBe 


CSB3 [Z 


9 


12 


Z] 2/4A 


vss □ 


10 


11 


Z] 2/4B 



DESCRIPTION 

The WD1511 is designed to cascade RAM based 
FIFO's without resorting to 'bucl<et brigade' ar- 
chitectures. Cascading is implemented by logically 
demultiplexing sequential data bytes into two (or 
four) FIFO's, Data read out of the FIFO's Is logically 
multiplexed, restoring the original order. 

The WD1511 provides all of the necessary data 
strobe steering logic to demultiplex/multiplex the 
data stream for both FIFO and LIFO applications. 
This technique Is also employed in implementing 
2-to-1 or4-to-1 bus conversion. 

Normally, data strobes are routed through the 
WD1511. However, in application s where data hold 
times are critical, grounding the EXT. STROBE pin 
makes it possible to reduce propagation delays by 
gating the strobes externally to the WD1511. 

The WD151 1's cascading technique reduces the duty 
factor for each FIFO device and may make higher 
throughput possible. 



PIN DESIGNATION 




EXT STROBE 



FUNCTIONAL BLOCK DIAGRAM 
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ORGANIZATION 

^ The WD1511 Is organized as a pair of synclironous 
^ up/down Gray counters withi fully decoded outputs. 
2 Clocking occurs on low-to-high transitions of the 
01 clock inputs. FULL and EMPTY FIFO status inputs 
^ are gated with DIR to Inhibit counting during FIFO 
overfl ow o r underflow. A logic one on either DIR or 
FIFO/LIFO causes the counters to increment when 
clocked and the decoders to decode for N. A logic 

WD1511 PIN DEFINITIONS 



zero on both the DIR and FIFO/LIFO inputs causes 
the counters to decrennent when clocked and the 
decoders to decode for N ■ 1 . fiiZli and B2li determine 
the number of active discrete outpu ts for each 
decoder. A logic one on EXT. STROBE causes both 
decoders' active low outputs to be "OR-ED" with the 
counter clocks. Reset forces the counters to 
asynchronously clear. 



PIN NUMBER PIN NAME 



SYMBOL 



FUNCTION 



1 RESET RESET 



2,3,4,5 CHIP SELECT CSA0-CSA3 
'A- OUTPUTS 



6, 7, 8, 9 CHIP SELECT CSB0-CSB3 
'B' OUTPUTS 

10 Vss Vss 

11 2/4B 2/?B 



12 2/4A 2/4A 



13 EXTERNAL ExT. 

STROBE STROBfe 



14 FIFO/LIFO FIFO/LIFO 



Active high input. Asynchronously clears 
counter A and counter B. 

Active lo w, 1-of-4 CSA steering logic outputs. 
CLKA or EXT STROBE must be low to enable 
the active output. 

Active lo w, 1-of-4 CSB steering logic outputs. 
ClKB or EXT STROBE must be low to enable 
the active output. 
Ground 

This input selects the number of active CSB 
outputs. When 2/7B Is open or held high, 1-of-2 
deco ding is performed on counter 'B'; CSB2 
and CSB3 are inactive and remain high, inde- 
pendently of the state of counter 'B'. When 2/4B 
is low, 1-of-4 decoding is performed on counter 
'B'. This input includes an internal pull-up 
resistor of approximately 6.5KQ. 

This input selects the number of active CSA 
outputs. When 2/4A is open or held high, 1-of-2 
dec oding is performed on counter 'A'; CSA2 
and CSA3 are inactive and remain high, inde- 
pendently of the state of counter 'A'. When 2/4A 
is low, 1-of-4 decoding is performed on counter 
'A'. This input includes an internal pull-up 
resistor of approximately 6.5KQ. 
This active low input enables the CSA an d CSB 
outp uts in depen dently of the levels of CLKA 
and CLKB. With EXT. STROBE low, several op- 
tions are available; the chip select outputs can 
be clocked externally with a 74LS02 or equiva- 
lent to generate active high data strobes; a 
74LS32 or equivalent can be used to generate 
active low data strobes; WD1511's can be cas- 
caded without additive propagation delays; the 
WD1511 can be used as a dual, 4-output John- 
son counter. This input includes an internal pull- 
up resistor of approximately 6.5KQ. 
When this input is open or held high, or when 
the DIR input is high, the active steering logic 
outputs are equal to the current states of the 
counters and the counters will incre ment when 
clocked. When both the FIFO/LIFO and DIR in- 
puts are low, the active steering logic outputs 
are equal to the current states of the counters, 
logically minus one, and the counters will dec- 
rement when clocked. This input includes an in- 
ternal pull-up resistor of approximately 6.5KQ. 
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PIN NUMBER PIN NAME 



SYMBOL 



FUNCTION 



15 DIRECTION DIR 

16 FULL FULL 

17 EMPTY EMPTY 

18 CLOCK B CLKB 

19 CLOCK A CLKA 

20 VCC Vcc 



This input determines whicti counter shall be in- 
hibited when the full or empt y inpu ts are active. 
It is also gated with the FIFO/ LI FO input to con- 
trol steering logic decoding and provide counter 
up/down control. 

This active high input is used to prevent the 
data pointers (chip selects) from being invali- 
dated during overflow conditions. When both 
the FULL and DIR inputs are high, counter 'A' is 
Inhibited or frozen at its current count. When 
FULL is high and the DIR input is low, counter 
'B' is inhibited. This input must be held low if 
unused. 

This active high input is used to prevent the 
data pointers (chip selects) from being invali- 
dated during underflow conditions. When both 
the EMPTY and DIR inputs are high, counter 'B' 
is inhibited or frozen at its current count. When 
EMPTY is high and the DIR input is low, counter 
'A' is inhibited. This input must be held low if 
unused. 

This input clocl^s counter 'B' on the low-to-high 
transition. The active 1-of-4 CSB output is 
enabled when either CLKB or EXT. STROBE is 
low. 

This input clocks counter 'A' on the low-to-high 
transition. The acti ve 1-of -4 CSA output is 
enabled when either CLKA or EXT. STROBE is 
low. 

-)-5VDC ±5% 



16 X 256 TO 8 X 512 BIDIRECTIONAL FIFO BUFFER 



PORT A 



FULL 




BUS CLK 



BUS CLK. 



Example 'A' shows the WD1511 used to convert a 16 
bit data bus to an 8 bit data bus. With the availability 
of 4 steering logic outputs, the implementation 
shown also utilizes the cascade feature providing a 
256x16^ to 512x8 FIFO Buffer. By placing a logic high 
on 2/4B of the WD1511, decoding would be reduced 
to 1 of 2 allowing a reduced buffer of 128x16 to 256x8. 

A key feature of this implementation is the ability to 
obtain a speed enhancement for both sides of the 
data bus. As shown with the WD1510-01, the 8 bit 
data may be read out at a 2MHz rate. This Is due to 
the FIFO's TcSH tifne being met during the access 
times of the other devices. Another key feature with a 
WD1510 implementation is the completely asyn- 
chronous 16 and 8 bus clocks, thereby allowing 
bidirectional reads and writes asynchronously. 

The basic system shown Is easily modified to provide 
many variations. Some of these are: 16 to 16 bit FIFO, 
264x18 to 512x9 conversion, 512x9 to 512x9 FIFO, all 
of which can be bidirectional. 



EXAMPLE 'A' 
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DATA 
BUS 



9 X 528 UFO 
BUFFER - 



EMPTY 



0^ 



WD 
1510 



, CSAO 



WD 
1510 



CSA1 



WD 
1510 



CSA2 



FULL 



LIFO 
DATA CLK. 



WD 
1511 



WD 
1510 



CSA3^ 

□ 



EXAMPLE 'B' 

Example 'B' illustrates the simplicity in implementing 
four WD1510S cascaded for a 528x9 LIFO. This circuit 
provides the same speed enhancement as Example 
'A'. With the WD1 510-01, a 2MHz byte rate transfer 
can be obtained. 

It also is easily modified to provide many reduced 

variations such as 256x8 or 9, or 512x8 or 9. 



CLOCK A 



CLOCK B 



CSAO 



CLK A 



CSA1 



EXT. STROBE 
CSBO 



CLK B 



CSB1 



WD1511 



o- 



5>- 



74LS32 



EXAMPLE 'C 



Example 'C is shown with EXTSTROBE enabled. 
This feature reduces the propagation delay of the 
WD1511 to zero. This feature is required for systems 
unable to meet data hold times. It is also recom- 
mended for use where WD1511s are cascaded for 
large buffer size applications. 



SPECIFICATIONS 



ABSOLUTE MAXIMUM RATINGS 

Ambient Temperature Under Bias 0to70''C 

Voltage On Any Pin With Respect 

to Ground (Vss) - 0.5 to -h 7V 

Power Dissipation 0.5W 

DC ELECTRICAL CHARACTERISTICS 

Ta = 0 to 70°C; Vcc = 5.0V ± 10%; Vss = OV 



Storage Temperature 

Ceramic -65Xto +150°C 

Plastic -55°Cto H-125°C 

NOTE: Maximum limits indicate where permanent 
device damage occurs. Continuous operation at 
these limits is not intended and should be limited to 
those conditions specified in the DC Electrical 
characteristics. 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNITS 


TEST CONDITIONS 


V|L 


Input Low Voltage 


-0.5 




-1-0.8 


V 




V|H 


Input High Voltage 


2.2 






V 




VOL 


Output Low Voltage 






0.4 


V 


l0L = 4.0mA 


VOH 


High Level Output Voltage 


2.4 






V 


l0H= -200/^A 


vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 




icc 


Supply Current 




70 


100 


mA 


All outputs open 



See page 725 for ordering information. 



Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for Its use; nor for any infringements of patents or otfier rigfits of third parties which may result from its use. No license Is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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Printed in U S A 



WESTERN DIGITAL 

CORPORATION 

WD5010 Single/Dual Read Content — Addressable Memory 



FEATURES 

• DUAL READ CAPABILITY 
16x64 BIT WORDS 

TWO LOCAL VARIABLE ADDRESSES 

• SINGLE READ CAPABILITY 
32x32 BIT WORDS 

ONE LOCAL VARIABLE ADDRESS 

• WRITEABLE CONTENT WORDS 

• VERTICAL CASCADING CAPABILITY 

• REPLACES CACHE ADDRESSING SYSTEMS 



A Content Addressable Memory (CAM) is a memory 
device in which all memory cells are selected by 
contents rather than by addresses. The CAM's 
function is to compute local variable addresses from 
global addresses by means of a fully associative 
memory. 

APPUCATIONS 

Cache Memory Replacement 
Cache Disl< Controller 
Pattern Recognition 
Station Address Recognition 
Primary Key Locater 
Programmable PLA 



WRITE 
ADDRESS A 



COMPARE COMPARE WRITE 
ADDRESS A ADDRESS B ADDRESS B 



CAM A DATA OUT/ 
WRITE ADDR. IN 



CAM A MATCH 



T.S. ENABLE A&B 



WRITE PULSE A&B 7^ 

DUAL CAM/ 



SINGLE CAM 



ADDRESS 
COMPUTATION 
16x64 
DUAL READ 
OR 
32x32 
SINGLE READ 
CAM 



1 r 

Vcc 8ND 



CAM B DATA OUT 
WRITE ADDR IN 

CAM B MATCH 

SYSCLK 

CAM ENABLE 

32 BIT CAM MATCH 



Figure 1 — WD5010 CAM OVERVIEW BLOCK DIAGRAM 
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PIN CONNECTIONS 



FUNCTIONAL DESCRIPTION 

The central component of the CAM is a RAM cell 
with dual compare logic. When the address com- 
putation is in dual read configuration 6 bits of CAM 
data are provided when the Compare Address is 
matched with one of the 64 content words in the 
CAM. The 6 bit CAM Data Out numbers range from 
0000002 to 1111112 and are non-volatile. A CAM 
Match signal is provided for each of the Compare A 
and Compare B Addresses and indicates if the 
content words of the CAM match the Compare 
Address. See Figure 1 . 

Each content word address inside the CAM is 
dir ectly related to the Dat a Out number. By enabling 
the Write Address Enable and providing a Write Pulse 
and the desired Write Address on the DATA 
OUT/WRITE ADDRESS IN LINES, the contents of the 
CAM related to that Data Out number are written. 



In the dual read mode, the CAM compares the 
contents within itself and the Compare Address. If a 
match occurs between the Compare Address and 
one of the content words, then the data associated 
with that content word will appear on the CAM Data 
Out lines and a CAM Match signal will occur. In the 
single CAM read mode, the Compare Addresses A 
and B concatenate to form a 32 bit word. This word is 
compared with a 32 bit CAM word formed by two 
consecutive 16 bit content words. If a match occurs 
the associated CAM data appears at both the CAM 
data A and B lines and both A&B CAM Match signal 
occurs. 

During write mode, the Compare Address is the 
information which will be written into the content 
word. The CAM has two sets of Compare Address 
and Write Address lines which allows two content 
words to be written at the same time. 
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PIN NIIMRFR 


DIM MAMP 






1 


POWER SUPPLY 


vcc 


+ 5 Volt 


2 


SYSTEM CLOCK 


SYSCLA 


Provides clock to CAM. 


3 


CAM ENABLE 


CAM EN 


Enables CAM operation. 


4-11 


COMPARE 
ADDRESS A 


CAA0-CAA7 


During a dual read operation two 16 bit ad- 
dresses are latched into the CAM through these 
two 8 bit ports. 


12-19 


COMPARE 
ADDRESS B 


CAB0-CAB7 


The CAM then compares the contents within 
itself and outputs the data if a match occurs. In 
the single read mode, the Compare Addresses 
A and B concatenate to form a 32 bit word for 
comparison with a 32 bit content word. If a 
match occurs both the CMA and CMB lines wiii 
be active. During a write mode, the Compare 
Address is the data which will be written into 

uic (.(Uiiiciu wulU iiiuiudmu uy iiic write mu- 
dress In. 






vss 


orounu 


21 


3-STATE ENABLE B 


TSEB 


A logic low indicates the D/WA is in the 3-state 

mode. 


22 


3-STATE ENABLE A 


TSEA 


A logic low indicates the DA/VB is in the 3-state 
mode. 


23,24 


WRITE PULSE A 


WPA, WPB 


A logic low pulse used to write the Compare 




WRITE PULSE B 
RESPECTIVE 


Address A or B information into the content 
word A or B of the CAM. WP A or B is only ef- 
fective when TSEA or TSEB are enabled. 


25 


DUAL CAM/ 
SINGLE CAM 


D/S 


This signal is used to configure the CAM from a 
dual read 16x64 CAM to a single read 32x32 
CAM. 


26-31 


CAM DATA 
OUTB/ 

WRITE ADDRESS 
IN B 


D/WB5- 
D/WBO 


In dual read configuration 6 bits of data are out- 
put when the Compare Address B is 
matched with one of the 64 content words in 
the CAM. Each content word in the CAM is di- 
rectly related to the Data Out number OOOOOO2 
to IIIIII2. During a write mode, Compare 
Address B is written into the word selected by 
the 6 bit Write Address B when TSEB is enabled 
and WPB occurs. 


32 


CAM MATCH B 


CMB 


A logic low during a read mode indicates a 
match has occurred between the Compare 
Address B and a content word within the CAM. 


33 


CAM MATCH A 


CMA 


A logic low during a read mode indicates a 
match has occurred between the Compare 
Address A and a content word within the CAM. 


34-39 


CAM DATA OUT 
A/WRITE 
ADDRESS IN A 


D/WA5- 
D/WAO 


In dual read configuration 6 bits of data are 
output when the Compare Address A is 
matched with one of the 64 content words in 
the CAM. Each content word in the CAM is 
directly related to the Data Out number OOOOOO2 

to IIIIII0 riiirinn a XA/rit^ mriHo f^omnaro 

WJ 1 1 1 1 1 1^, l_/Utlll^ CI WlllC 1 1 IL'UC} Ol-'l 1 IL/Cil w 

Address A is written into the word selected by 
tne 0 bit Write Address A when TSEA is enabled 
and WPA occurs. 


40 


GROUND 


Vss 


Ground 
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See page 725 for ordering information. 



Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for its use; nor for any infringements of patents or otfier rigtits ot third parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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Printed m U S A 



WESTERN DIGITAL 

CORPORAT/ON 

WD5869 Dynamic Shift Register 



o 

00 

o> 

CO 



FEATURES 

• DUAL 640 BIT 

•> ADDITIONAL TAPS AT 512 ON EACH REGISTER 

• INTERNAL CLOCKING 
t> HIGH SPEED 

e 3 STATE OUTPUT BUFFER 



GENERAL DESCRIPTION 

The WD5869 Dual 640 Bit Dynamic Shift Register is a mono- 
iithic MOS integrated circuit designed for use in computer 
display peripherals. The clocks and recirculate logic are in- 
ternal to reduce system component count, and 3 state output 
buffers provide bus interface. The WD5869 is available in a 
16 pin molded plastic package, or a 16 pin ceramic package. 



APPLICATIONS 

« CRT DISPLAYS 

« COMPUTER PERIPHERALS 

• CRYPTOGRAPHY 



DUAL IN-LINE PACKAGE 



TV 




Figure 1 
WD5869 PIN CONNECTIONS 



CO 



7\ 



REGISTER 
LOAD 
LOGIC 



ADDRESS BUS 



rr: 



SYSTEM CONTROL BUB 



CRT CONTROLLER 



HORIZONTAL • 



X I 

Figure 2 WD5869 TYPICAL APPLICATION BLOCK DIAGRAM 
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SPECIRCATIONS 

ABSOLUTE MAXIMUM RATINGS 

Data and Clock Input Voltage and Supply 
Voltages with respect to VSS 

Power Dissipation 

Storage Temperature 

TABLE 1 D.C. PARAMETERS 

ELECTRICAL CHARACTERISTICS (DC) 

TA = CC to + sec, Vss = +5V ± 5%, Vqd = -5V + 5%, Vqg = -12V ± 5% 



+0.3V to -20V 

800mW at TA = 25°C 

-55°C to +125°C (Plastic Package) 
-65°C to + 1 50°C (Ceramic Package) 







MIM 


MAy 

MAA 


1 IKIITQ 


\^ WIN ui 1 iv/no 


Idd 


POWER SUPPLY CURRENT 

DATA INPUT LEVELS 




-50 


mA 




V|L 


Logical Low Level 


Vss- 17 9 


Vss-4.2 


V 




V|H 


Logical High Level 


Vss- 1.7 


Vss+0.3 


V 




l|L 


DATA INPUT LEAKAGE 




10 




V|N = -5V; All other Pins GND 


Cdi 


DATA INPUT CAPACITANCE 
CLOCK INPUT LEVELS 




10 


Pf 


V|N = OV; f = 1MHZ, All other Pins 
GND 


VOH 


Logical High Level 


Vss- 10 


Vss+0.3 


V 




Vol 


Logical Low Level 


Vss- 17 9 


Vss- 14.5 


V 




ICL 


CLOCK INPUT LEAKAGE 




10 


/LtA 


Vo = -17.9V; All other Pins GND 


Cci 


CLOCK INPUT CAPACITANCE 
DATA OUTPUT LEVELS 




200 


pf 


Vq = OV; f = 1MHZ, All other Pins 
GND 


VoH 


Logical High Level 


2 4 




V 


1 Source = -50mA 


Vol 


Logical Low Level 




Vss-0.4 


V 


1 Sink = 1.6 mA 
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SYMBOL 



PARAMETER 



TABLE 2 A.C. PARAMETERS 
MIN 



MAX 



UNITS 



CONDITIONS 



o 

00 



0f 

0pw in 
0pw out 



eitf 

tds 
tdh 
tpdl 
tpdh 



CLOCK FREQUENCY 

CLOCK PULSE WIDTH, In 

CLOCK PULSE WIDTH, Out 

CLOCK PHASE DELAY TIME, 
from rising edge 

CLOCK PHASE DELAY TIME, 
from falling edge 

CLOCK TRANSITION TIME, 
rising edge 

CLOCK TRANSITION TIME, 
falling edge 

DATA INPUT SET-UP TIME 

DATA INPUT HOLD TIME 

DATA OUTPUT PROPAGATION DELAY, 

to low level 
DATA OUTPUT PROPAGATION DELAY, 

to high level 



10 
0.15 
1 

10 
10 



2000 
1.0 
1 



KHz 
uS 
Sfpw in 



0tr = 0tf = 20 ns 

0tf + 0pw + 0tr ^ 3.0 uS 



1.0 



1.0 



0tf + 0pw + 0tr ^ 3.0 uS 



80 

40 



200 
200 



DATA INPUT/ 
LOAD INPUT 



Vss-l-SV-" 



VSS-4.2V 




01N Vss-lOV 
CLOCK 

Vss- 14.5V 



0OUT 




0tf 



L_J" 



/ 



0tf 0tr 



Vss- 14.5V 



\ / ^ f 



'pw Out 
tpdL 



DATA OUTPUT 



tpdH 



Figure 3 WD5869 TIMING DIAGRAM 
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Printed in U S A 



WESTERN DIGITAL 

CORPORAT/ON 

WD74HC200 256 x 1 CMOS Static RAM 




FEATURES 

PIN COMPATIBLE WITH 74LS200 
LOW POWER DISSIPATION .48 MW/BIT TYPICAL 
BATTERY-BACK UP/STANDBY MODE 
COMPLETELY STATIC 
SINGLE +5V SUPPLY 
FULLY TTL COMPATIBLE 
35 ns TYPICAL ACCESS TIME 

GENERAL DESCRIPTION 

The WD74HC200 256x1 RAM is both pin and speed 
compatible to the SN74LS200 and AM27LS00. The 
device is fabricated In CMOS, offering a dramatic 
decrease in power dissipation and increased noise 
immunity. It is well suited for high-speed buffer 
memories in digital systems and bit-slice designs. 

The memory is organized as a 256-word by 1-bit width 
with an 8 bit binary address field and separate data in 
and data output lines, it has 3 active low chip selects 
and a three-state output. 

The WD74HC200 operates from a single -f5 volt 
supply and is available in a dual-in-line plastic or 
ceramic pacl<age. 



PIN DESIGNATION 



A4 
O 



A5 
O 



A6 
O 



A? 
Q 



4 TO 16 COLUMN DECODER 




16 X 16 
MEMORY ARRAY 



-OE1 
OE2 
O E3 



-ODIN 



-ODOUT 



-OWE 



BLOCK DIAGRAM 
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PIN 
NUMBER 


SYMBOL PIN NAME 


FUNCTION 



1,2,7, 
9-11,14-15 

3-5 

6 

8 
12 

13 
16 



A0-A7 

DOUT 

GND 
WE 

DIN 

vcc 



ADDRESS 0-7 

ENABLE 1-3 

DATA OUT 

GROUND 
WRITE ENABLE 

DATA IN 

Vcc 



8-bit address input used to select one of 256 
memory bits. 

Three active-low inputs which must be at a logic 
zero to perform R/W functions. 

Inverted data output from a selected memory 
address. 

Ground 

Active low Input used to write data into the 
device. 

Data Input Line used in conjunction with WE. 
-I- 5V ± 5% power supply input. 



FUNCTIONAL DESCRIPTION 

When any of the Enable inputs are high (El, E2, 
or E3) the DOUT (Pin 6) line will remain in a high 
impedance state. During this condition, the WE 
(Pin 12) Write line is a "don't care" sta te and will 
not affect the high impedance state of DOUT. 

To perform a Write function, an address is placed 
on the address lines, with WE and all three 
Enable Lines at a Logic 0. Data is entered into 
the selected memory bit specified by the address 
inputs. 

A read operation is performed in a similar fash- 
ion. Address Lines and the three Enable lines are 
made active, while WE is held high. The com- 
ple ment o f the selected data bit then appears on 
the DOUT (Pin 6) line. 



DC ELECTRICAL CHARACTERISTICS 

Ta = 0°C to 75''C, Vcc = 5V -(- 5% 



To retain djtajn a st_and-by or battery back-up 
mode, the E1, E2_or E3 line should be held at a 
Logic 1, while WE and the address lines are at a 
Logic 0. At nominal supply voltage, power con- 
sumption will be less than 1 milliampere D.C. in 
this configuration. 

ABSOLUTE MAXIMUM RATINGS 



Vcc With Respect to Ground - 0.3 to -1- 7V 

Voltage On Any Input With 

Respect to Ground - 0.3 to -»- 7V 

Storage Temperature 

Ceramic -65°C to -f-150°C 

Plastic -55" to +^25°C 

Operating Temperature O'C to +75° C 

Power Dissipation 1 25 mW 



NOTE: Maximum ratings indicate limits which per- 
manent device damage may occur. Continuous oper- 
ation at these ratings is not intended and should be 
limited to the DC electrical characteristics listed 
below. 



SYMBOL 


CHARACTERISTIC 


MIN 


MAX 


UNIT 


CONDITIONS 


V|H 


Input High Voltage 


2.0 




V 




V|L 


Input Low Voltage 




0.8 


V 




VOH 


Output High Voltage 


2.4 




V 


lOH = -2.6mA 


Vol 


Output Low Voltage 




.45 


V 


IQL = 16.0mA 


l|L 


Input Low Current 




.8 


mA 




l|H 


Input High Current 




20 


mA 




Ice 


Power Supply Current 




25 


mA 


All Outputs Open 


Ilk 


Output Leakage Current 




30 




Three-state 
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
Vcc = 5V ± 5%;Cl = 50pF 



PAR AM cTcRS 


DESCRIPTION 




rA = 

25°C 
TYP. 


ta 

o<>< 

75 
MIN. 


:to 
°c 

MAX. 


UNITS 


tPLH(A) 


Delay from Address to Output 


See Fig. 2 


35 


15 


45 


ns 


tPHL(A) 


tPZH(CS) 


Delay from Chip Select to Active 
Output and Correct Data 


See Fig. 2 


15 


5 


25 


ns 


tpzL(CS) 


tPHZ(CS) 


Delay from Chip Select to Inactive 
Output 


See Fig. 2 


15 


5 


25 


ns 


tPLZ(CS) 




Delay from Write Enable (HIGH) 
to Correct Output Data 


See Fig. 1 






HO 


HQ 


tpzH(WE) 


Delay from Write Enable (HIGH) 
to Active Output 


See Fig. 1 




5 




ns 


tpzL(WE) 


tpHZ(WE) 


Delay from Write Enable (LOW) 
to Inactive Output 


See Fig. 1 


20 




30 


ns 


tpLZ(WE) 


ts(A) 


Set-up Time Address 


See Fig. 1 


0 


0 




ns 


th(A) 


Hold Time Address 


0 


0 




ns 


ts(DI) 


Set-up Time Data Input 


See Fig. 1 


20 


30 




ns 


th(DI) 


Hold Time Data input 


See Fig. 1 


0 


0 




ns 


tpw(WE) 


Write Enable Pulse Width 


See Fig. 1 


20 


30 




ns 



a 

o 

i 



SWITCHING WAVEFORMS 



ADDRESS 
Ao-7 



CS 



WE 



Dl 



>Ons- 



.t8(A)_ 
MAX 



.tpw(WE). 
MIN 



ts(DI) — U-MAX 



WMmMMMmmfmm 



MIN- 



tPLZ(WE) MAX- 



4-MAX-*- 



-tpHZ(WE) 
tpzH(WE)MIN- 




th(A) MAX 



.^—^ th(DI) MAX 



-trec(WE)- 



MM 



-tpzL(WE) MAX 



Write Cycle Timing. The cycle is initiated by an address change. After ts (A) max, the write enable may begin. The 
chip select must also be LOW for writing. Following the write pulse, th (A) max must be allowed before the 
address may be changed again. The output will be floating while the write enable is LOW. Ordinarily, the chip 
select should be LOW during the entire write pulse. 

Figure 1 
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Ao-7 



-ADDRESS j- 



CS 



tpzH(CS)- 



DO 



«-MAX-» 
|-*-MIN 

rum 



-ADDRESS k- 



-tpHL(A) MAX- 



MIN 



MM 



h tpzL(CS) 
»-MAX-> 

k-MIN 

mnn 



t£l_Z(CS) 
h-MAX~-» 
MIN 



SI 



-ADDRESS I 



■tpLH(A) MAX*^ 
-MIN 



mm 



OUTPUT READ A HIGH 
DISABLED IN ADDRESS] 



READ A LOW IN 
ADDRESS k 



DISABLE 
OUTPUT 



ENABLE 
OUTPUT 



READ A HIGH 
IN ADDRESS I 



Switching delays from address and chip select inputs to the data output. Disabled output is floating when 
"OFF," and represented by a single center line. 

Figure 2 



See page 725 for ordering information. 



This is a preliminary specification with tentative device parameters and may be subject to change after final product characterization is completed. 

Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility Is assumed by Western Digital 
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from Its use. No license is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
said circuitry at anytime without notice. 
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Printed in U S.A 



WESTERN DIGITAL 

CORPORATtON 

WD8206 Error Detection and Correction Unit 



FEATURES 

• Detects and Corrects All Single Bit Errors. 

• Detects All Double Bit and Most Multiple Bit 
Errors 

• 52 ns Maximum for Detection; 67 ns Maximum 
for Correction (16 Bit System) 

• Expandable to Handle 80 Bit Memories 

• Syndrome Outputs for Error Logging 

• Separate input and Output Busses — No Timing 
Strobes Required 

• Supports Reads With and Witiiout Correction, 
Writes, Partial (Byte) Writes, and Read-Modlfy- 
Writes 

• HMOS Technology for Low Power 



• 68 Pin Leadless JEDEC Package 

• Single +5V Supply 

GENERAL DESCRIPTION 

The HMOS 8206 Error Detection and Correction Unit 
Is a high-speed device that provides error detection 
and correction for memory systems (static and 
dynamic) requiring high reliability and performance. 
Each 8206 handles 8 or 16 data bits and up to 8 checl< 
bits. 8206' s can be cascaded to provide correction 
and detection for up to 80 bits of data. Other 8206 
features Include the ability to handle byte writes, 
memory initialization, and error logging. 
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DO/WDIo.15 



Figure 1. 8206 BLOCK DIAGRAM 
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Table 1. PIN DESCRIPTION 



PIN 








NUMBER 


SYMBOL 


TYPE 


NAME AND FUNCTION 


1,68-61, 


DIO-15 


1 


Data In: These inputs accept a 16 bit data word from RAM 


59-53 




for error detection and/or correction. 


5 


CBI/SYlo 


1 


Check Bits In/Syndrome In: In a single 8206 system, or in 








the master in a multi-8206 system, these inputs accept the 


6 


CBI/SYh 


1 


check bits (5 to 8) from the RAM. In a single 8206 16 bit 


7 


CBI/SYI2 


1 


system, CBIo-5 are used. In slave 8206's these inputs 


8 


CBI/SYI3 


1 


accept the syndrome from the master. 


9 


CBI/SYI4 


1 




10 


CBI/SYI5 


1 




% 


CBI/SYle 


1 




* 12 


CBI/SYI7 


1 




51 


DO/WDIo 


I/O 


Data Out/Write Data In: In a read cycle, data accepted by 


50 


DO/WDI1 


I/O 


DI0-15 appears at these outputs corrected If GROT is low. 


49 


DO/WDI2 


I/O 


or uncorrected if GROT is high. The BM inputs must be 


48 


DO/WDI3 


I/O 


high to enable the output buffers during the read cycle. In 


47 


DO/WDI4 


I/O 


a write cycle, data to be written into the RAM is accepted 


46 


DO/WDI5 


I/O 


by these inputs for computing the write check bits. In a 


45 


D0/WDI6 


I/O 


partial-write cycle, the byte not to be modified appears at 


44 


DO/WDI7 


I/O 


either DO0-7 if BMq is high, or D08-15 if BMi is high, for 


42 


D0/WDI8 


I/O 


writing to the RAM. When WZ is active, it causes the 8206 


41 


DO/WDI9 


I/O 


to output all zeroes at DO0.15, with the proper write check 


40 


DO/WDI10 


I/O 


bits on CBO. 


39 


DO/WDI-11 


I/O 




38 


D0/WDh2 


I/O 




37 


DO/WDI13 


I/O 




36 


DO/WDI14 


I/O 




35 


DO/WDI15 


I/O 




23 


SYO/CBO/PPOo 


0 


Syndrome Out/Check Bits Out/ Partial Parity Out: In a 


24 


SYO/CBO/PPO1 


0 


single 8206 system, or in the master in a multi-8206 


25 


SYO/CBO/PPO2 


0 


system, the syndrome appears at these outputs during a 


27 


SYO/CBO/PPO3 


0 


read. During a write, the write check bits appear. In slave 


28 


SYO/CBO/PPO4 


0 


8206's the partial parity bits used by the master appear at 


29 


SYO/CBO/PPO5 


0 


these outputs. The syndrome is latched (during read- 


30 


SYO/CBO/PPOe 


0 


modify-writes) by R/W going low. 


31 


SY0/CB0/Pr07 


0 




13 


PPlQ/POSo 


1 


Partial Parity In/Position: In the master in a multi-8206 


14 


PPI1/POS1 


1 


system, these inputs accept partial parity bits 0 and 1 from 








the slaves. In a slave 8206 these inputs inform it of its 








position within the system (1 to 4). Not used in a single 








820e. system. 


15 


PPI2/NSL0 


1 


Partial Parity In/Number of Slaves: In the master in a multi- 


16 


PPI3/NSL1 


1 


820C< system, these inputs accept partial parity bits 2 and 3 








from the slaves. In a multi-8206 system these inputs are 








used in slave number 1 to tell it the total number of slaves 








in the system (1 to 4). Not used in other slaves or in a 








single 8206 system. 


17 


PPI4/CE 


I/O 


Partial Parity In/Con-ectable Error: In the master in a multi- 








820C» system this pin accepts partial parity bit 4. In slave 








number 1 only, or in a single 8206 system, this pin outputs 
















Not used in other slaves. 


18 


PPi5 


1 


Partial Parity In: In the master in a multi-8206 system these 


19 


PPl6 


1 


pins accept partial parity bits 5 to 7. The number of partial 


20 


PPI7 


1 


parity bits equals the number of check bits. Not used in 








single 8206 systems or in slaves. 
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Table 1. PIN DESCRIPTION (CONTINUED) 



PIN 
NUMBER 


SYMBOL 


TYPE 


NAME AND FUNCTION 


22 


• ERROR 


0 


Enron This pin outputs the error flag in a singie 8206 
system or in the master of a multi-8206 system, it is 
latched by R/W going low. Not used In slaves. 


52 


GROT 


1 


Correct: When low this pin causes data correction during a 
read or read-modlfy-wrlte cycle. When high, it causes error 
correction to be disabled, although error checl<ing is still 
enabled. 


2 


STB 


1 


strobe: STB is an input control used to strobe data at the 
Dl inputs and check-bits at the CBI/SYI inputs. The signal 
is active high to admit the inputs. The signals are latched 
by the high-to-low transition of STB. 


33 
32 


BMo 
BMi 


1 
1 


Byte Marks: When high, the Data Out pins are enabled for a 
read cycle. When low, the Data Out buffers are tristated for 
a write cycle. Bl^o controls DO0.7, while BMi controls 
008-15. In partial (bytes) writes, the byte marl< input is low 
for the new byte to be written. 


21 


R/W 


1 


Read/Write: When high this pin causes the 8206 to per- 
form detection and correction (if GROT is low). When low, 
it causes the 8206 to generate checl< bits. On the high-to- 
low transition the syndrome is latched Internally for read- 
modify-write cycles. 


34 


WZ 


1 


Write Zero: When low this input overrides the SMq-i and 
R/W inputs to cause the 8206 to output all zeros at DO0-15 
with the corresponding check bits at CBO0-7. Used for 
memory initialization. 


4 


M/S 


1 


Master/Slave: Input tells the 8206 whether it is a master 
^hlnh^ or a <<lf)vp Nnu/^ 


o 




1 


QlnniA 1 Inlt- Inrtiit folic fKo msiotar lAfHafHor it ic 

oinyio CUV' uniu iiipui iciio iim iiictoicJr wiiciiior 11 lo 

operating as a single 8206 (low) or as the master in a multi- 
8206 system (high). Not used in slaves. 


60 


vqc 


1 


Power Supply: +5V 


26 


vss 


1 


Logic Ground 


43 


vss 


1 


Output Driver Ground 



FUNCTIONAL DESCRIPTION 

The 8206 Error Detection and Correction Unit pro- 
vides greater memory system reliability through its 
ability to detect and correct memory errors. It is a sin- 
gle chip device that can detect and correct all single 
bit errors and detect all double bit and some higher 
multiple bit errors. Some other odd multiple bit errors 
(e.g., 5 bits in error) are interpreted as single bit 
errors, and the CE flag is raised. While some even 
multiple bit errors (e.g., 4 bits in error) are interpreted 
as no error, most are detected as double- bit errors. 
This error handling is a function of the number of 
check bits used by the 8206 (see Figure 2) and the 
specific Hamming code used. Errors in check bits are 
not distinguished from errors in a word. 

A single 8206 handles 8 or 16 bits of data, and up to 5 
8206's can be cascaded in order to handle data paths 
of 80 bits. For a single 8206 8 bit system, the DIg-iS, 



DO/WDI8-15 and BMi inputs are grounded. See the 
Multi-Chip systems section for information on 24-80 
bit systems. 

The 8206 has a "flow through" architecture. It sup- 
ports two kinds of error correction architecture: 1) 
Flow-through, or correct-always; and 2) Parallel, or 
check-only There are two separate 16-pln busses, 
one to accept data from the RAM (Dl) and the other to 
deliver corrected data to the system bus (DO/WDI). 
The logic is entirely combinatorial during a read 
cycle. This is in contrast to an architecture with only 
one bus, with bidirectional bus drivers that must first 
read the data and then be turned around to output the 
corrected data. The latter architecture typically 
requires additional hardware (latches and/or trans- 
ceivers) and may be slower in a system due to timing 
skews of control signals. 
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DATA WORD BITS 


CHECK BITS 


8 


5 


16 


6 


24 


6 


32 
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40 


7 


48 


8 


56 


8 


64 


8 


72 


8 


80 


8 



Figure 2: NUMBER OF CHECK BITS 
USED BY 8206 



READ CYCLE 

With the R/W pin high, data Is received from the RAM 
outputs into the Dl pins where it is optionally latched 
by the STB signal. Check bits are generated from the 
data bits and compared to the check bits read from 
the RAM into the CBI pins. If an error is detected the 
ERROR flag is activated and the correctable error flag 
(CE) is used to inform the system whether the error 
was correctable or not. With the BM inputs high, the 
word appears corrected at the DO pins if the error 
was correctable, or unmodified if the error was 
uncorrectable. 

If more than one 8206 is being used, then the check 
bits are read by the master. The slaves generate a 
partial parity output (PPO) and pass it to the master. 
The master 8206 then generates and returns the 
syndrome to the slaves (SYO) for correction of the 
data. 

The 8206 may alternatively be used in a "check-only" 
mode with the GROT pin left high. With the correc- 
tion facility turned off, the propagation delay from 
memory outputs to 8206 outputs is significantly 
shortened. In this mode the 8206 issues an ERROR 
flag to the CPU, which can then perform one of sev- 
eral options: lengthen the current cycle for correc- 
tion, restart the instruction, perform a diagnostic 
routine, etc. 

A syndrome word, five to eight bits in length and 
containing all necessary information about the exis- 
tence and location of an error, is made available to 
the system at the SYOo-7 pins. Error logging may be 
accomplished by latching the syndrome and the 
memory address of the word in error. 

WRITE CYCLE 

For a full write, in which an entire word is written to 
memory, the data is written directly to the RAM, 
bypassing the 8206. The same data enters the 8206 
through the WDI pins where check bits are gener- 
ated. The Byte Mark inputs must be low to tristate the 
DO drivers. The check bits, 5 to 8 in number, are then 
written to the RAM through the GEO pins for storage 
along with the data word. In a multi-chip system, the 
master writes the check bits using partial parity 
information from the slaves. 



In a partial write, part of the data word is oven/vritten, 
and part is retained in memory. This is accomplished 
by perfomning a read-modify-write cycle. The com- 
plete old word is read into the 8206 and corrected, 
with the syndrome internally latched by R/W going 
low. Only that part of the word not to be modified is 
output onto the DO pins, as controlled by the Byte 
Mark inputs. That portion of the word to be over- 
written is supplied by the system bus. The 8206 then 
calculates check bits for the new word, using the 
byte from the previous read and the new byte from 
the system bus, and writes them to the memory. 

READ-MODIFY-WRITE CYCLES 

Upon detection of an error the 8206 may be used to 
correct the bit in error in memory. This reduces the 
probability of getting multiple-bit errors in sub- 
sequent read cycles. This correction is handled by 
executing read-modify-write cycles. 

The read-modify-write cycle is controlled by the R/W 
input. After (during) the read cycle, the system 
dynamic RAM controller or GPU examines the 8206 
ERROR and CE outputs to determine if a correctable 
error occurred. If it did, the dynamic RAM controller 
or CPU forces R/W low, telling the 8206 to latch the 
generated syndrome and drive the corrected check 
bits onto the CBO outputs. The corrected data is 
available on the DO pins. The DRAM controller then 
writes the corrected data and corresponding check 
bits into memory. 

The 8206 may be used to perform read-modify-writes 
in one or two RAM cycles, if it is done in two cycles, 
the 8206 latches are used to hold the data and check 
bits from the read cycle to be used in the following 
write cycle. The WD8207 Advanced Dynamic RAM 
controller allows read-modify-write cycles in one 
memory cycle. See the System Environment section. 

INITIALIZATION 

A memory system operating with EGG requires some 
form of initialization at system power-up in order to 
set valid data and check bit information in memory 
The 8206 supports memory initialization by the write 
zero function. By activating the WZ pin, the 8206 will 
write a data pattern of zeros and the associated 
check bits in the current write cycle. By thus writing 
to all memory at power-up, a controller can set 
memory to valid data and check bits. Massive 
memory failure, as signified by both data and check 
bits all ones or zeros, will be detected as an un- 
con'ectabie error. 



MULTI-CHIP SYSTEMS 

A single 8206 handles 8 or 16 bits of data and 5 or 6 
check bits, respectively Up to 5 8206's can be 
cascaded for 80 bit memories with 8 check bits. 

When cascaded, one 8206 operates as a master, and 
all others as slaves. As an example, during a read 
cycle in a 32 bit system with one master and one 



660 



slave, the slave calculates parity on its portion of the 
word — "partial parity" — and presents It to the 
master through the PPO pins. The master combines 
the partial parity from the slave v/lth the parity it 
calculated from its own portion of the word to 
generate the syndrome. The syndrome is then 
returned by the master to the slave for error 
correction. In systems with more than one slave the 
above description continues to apply, except that the 
partial parity outputs of the slaves must be XOR'd 



externally Figure 3 shows the necessary external 
logic for multi-chip systems. Write and read-modify- 
write cycles are carried out analogously See the ^ 
System Operation section for multi-chip wiring O 
diagrams. ^ 

There are several pins used to define whether the ^ 
8206 will operate as a master or a slave. Tables 2 and 
3 Illustrate how these pins are tied. 



3a. 48 BIT SYSTEM 



MASTER 
PPI 


/ 


r 

8 



SLAVE 1 
PPO 




SLAVE 2 
PPO 


4 

f ^ 


f 

8 




f 

8 



3b. 64 BIT SYSTEM 



MASTER 


PPI 






> 









SLAVE 1 
PPO 



XOR 



' 8 



SLAVE 2 
PPO 



SLAVE 3 
PPO 



/ 8 



Sc. 80 BIT SYSTEM 
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f 


/ 


8 




-CxoRiL 
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PPO 


< XOR ir 
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'8 



SLAVE 3 
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f 

i 8 



SLAVE 4 
PPO 



Figure 3. EXTERNAL LOGIC FOR MULTI-CHIP SYSTEMS 
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Table 2. MASTER/SLAVE PIN ASSIGNMENTS 



PIN NO. 


PIN NAME 


MASTER 




SLAVE 2 


SLAVES 


SLAVE 4 


4 


M/S 


+ 5V 


Gnd 


Gnd 


Gnd 


Gnd 


3 


SEDCU 


+ 5V 


+ 5V 


+ 5V 


+ 5V 


+ 5V 


13 


PPlQ/POSo 


PPI 


Gnd 


+ 5V 


Gnd 


+ 5V 


14 


PPI1/POS1 


PPI 


Gnd 


Gnd 


+ 5V 


+ 5V 


15 


PPI2/NSL0 


PPI 




+ 5V 


+ 5V 


+ 5V 


16 


PPI3/NSL1 


PPI 


* 


+ 5V 


+ 5V 


+ 5V 



o 

00 

to 

O 



* See Table 3. 
NOTE: 

Pins 13, 14, 15, 16 have internal pull-up resistors and may be left as N.C. where specified as connecting to + 5V. 



Table 3. NSL PIN ASSIGNMENTS FOR SLAVE 1 



NUMBER OF SLAVES 


PIN 


1 


2 


3 


4 


PPI2/NSL0 


Gnd 


+ 5V 


Gnd 


+ 5V 


PPI3/NSL1 


Gnd 


Gnd 


+ 5V 


+ 5V 



The timing specifications for multi-chip systems 
must be calculated to take account of the external 
XOR gating in 3, 4, and 5-chip systems. Let tXOR be 
the delay for a single external TTL XOR gate. Then 
the following equations show how to calculate the 
relevant timing parameters for 2-chip (n = 0), 3-chip 
(n = 1), 4-chip (n = 2), and 5-chip (n = 2) systems: 

Data-in to corrected data-out (read cycle) = 

TDVSV -I- TPVSV + TSVQV -I- ntXOR 

Data-in to error flag (read cycle) = 

TDVSV + TPVEV -I- ntXOR 

Data-in to correctable error flag (read cycle) = 
TDVSV -I- TPVSV + TSVCV -I- ntXOR 

Write data to check-bits valid (full write cycle) = 
TQVQV -I- TPVSV + ntXOR 

Data-in to check-bits valid (read-mod-write cycle) = 
TDVSV + TPVSV -I- TSVQV + TQVQV + 
TPVSV -I- 2ntX0R 

Data-in to check-bits valid (non-correcting read- 
modify-write cycle) = 

TDVQU -I- TQVQV + TPVSV + ntXOR 

HAMMING CODE 

The 8206 uses a modified Hamming code which was 
optimized for multi-chip EDCU systems. The code is 
such that partial parity is computed by all 8206's in 
parallel. No 8206 requires more time for propagation 



through logic levels than any other one, and hence no 
one device becomes a bottleneck in the parity 
operation. However, one or two levels of external TTL 
XOR gates are required in systems with three to five 
chips. The code appears in Table 4. The check bits 
are derived from the table by XORing or XNORing 
together the bits indicated by 'X's in each row 
corresponding to a check bit. For example, check bit 
0 in the MASTER for data word 1000110101101011 
will be "0." It should be noted that the 8206 wlll 
detect the gross-error condition of all lows or all 
highs. 

Error correction is accomplished by identifying the 
bad bit and inverting it. Table 4 can also be used as an 
error syndrome table by replacing the 'X's with '1's. 
Each column then represents a different syndrome 
word, and by locating the column corresponding to a 
particular syndrome the bit to be corrected may be 
identified. If the syndrome cannot be located then 
the error cannot be corrected. For example. If the 
syndrome word is 001 101 1 1 , the bit to be corrected is 
bit 5 in the slave one data word (bit 21). 

The syndrome decoding is also summarized in Table 
5, which can be used for error logging. By finding the 
appropriate syndrome word (starting with bit zero, the 
least significant bit), the result is either: 1) no error; 2) 
an identified (correctable) single bit error; 3) a double 
bit erron or 4) a multi-bit uncorrectable error. 
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Table 4. MODIFIED HAMMING CODE CHECK BIT GENERATION 

Check bits are generated by XOR'ing (except for the CBO and CB1 data bits, which are XNOR'ed in the IVIaster) 
the data bits in the rows coresponding to the checl< bits. Note there are 6 checl^ bits in a 16-bit system, 7 in a 
32-bit system, and 8 in 48-or-more-bit systems. 



BYTE NUMBER 


0 


1 


OPERATION 


BIT NUMBER 


0 1 2 3 4 5 6 7 


01234567 


CBO = 
CB1 = 

CHECK CB2 = 
CB3 = 

BITS CB4 = 
CBS = 
CB6 = 
CB7 = 


XX — X — XX — 

X— X X-X 

-XX — X — XX 

xxxx X 

XXXXX 


X X — X 

— X — XX — X — 

X-X X 

X X X 

XXX 

XXXXXXXX 


XNOR 
XNOR 
XOR 
XOR 
XOR 
XOR 
XOR 
XOR 






DATA BITS 


OOOOOOOO 
0 1 2 3 4 5 6 7 


0 0 111111 
8 9 0 1 2 3 4 5 





2 


3 




0 1 2 3 4 5 6 7 


0 1 2 3 4 5 6 7 


— XXX — XX — 
X X X X-X 

— XXX — XXX 

X X X-X X 

X X XXXX 

xxxxx 


— XX X 

X X X 

X X 

X X X 

X-X — 

XXX 

XXXXXXXX 


XOR 
XOR 
XOR 
XOR 
XOR 
XOR 
XOR 
XOR 


1 1 1 1 2 2 2 2 
6 7 8 9 0 1 2 3 


2222223 3 
4 5 6 7 8 9 0 1 





16 BIT OR MASTER 



SLAVE #1 



BYTE NUMBER 


4 


5 


6 


7 


8 


9 


OPERATION 


BIT NUMBER 


0 1 2 3 4 5 6 7 


0 1 2 3 4 5 6 7 


0 1 2 3 4 5 6 7 


0 1 2 3 4 5 6 7 


0 1 2 3 4 5 6 7 


0 1 2 3 4 5 6 7 


CBO = 
CB1 = 

CHECK CB2 = 
CB3 = 

BITS CB4 = 
CBS = 
CB6 = 
CB7 = 


xx-x-xx- 

X— X X-X 

-XX — X — XX 

xxxx X 

xxxxx 

XXXXXXXX 
XXXXXXXX 


X X — X 

-X-X X-X— 

X-X X 

X X X 

XXX 

XXXXXXXX 


X — X — X X 

— XX X X 

— XXX — XX — 

X — X X X — 

X XXXX 

XXXXXXXX 


X-X X X — 

X X X X — 

— XX X 

X X X X 

XXX 

XXXXXXXX 

XXXXXXXX 


— XX X — X X — 

— XXX — XXX 
X X - X X — 

— xxxx X 

_ X X X X 

X — xxxx — X 

X X X XXX 


-X X X 

— X X X — X 

X X X 

X X X X — 

X X 

X — X — 

XXXXXXXX 


XOR 
XOR 
XOR 
XOR 
XOR 
XOR 
XOR 
XOR 


DATA BITS 


33333333 
234S6789 


44444444 
0 1 2 3 4 5 6 7 


445S55S5 
8 9 0 1 2 3 4 5 


S55S6666 
6 7 8 9 0 1 2 3 


66666677 
4 5 6 7 8 9 0 1 


77777777 
23456789 






SLAVE #2 


SLAVE #3 


SLAVE #4 



9038aM 



Tables. SYNDROME DECODING 











0 0 


1 


0 


1 


0 


1 


0 


1 


0 


1 


0 


1 


0 


1 


0 


1 




Syndrome 




1 0 


0 


1 


1 


0 


0 


1 


1 


0 


0 


1 


1 


0 


0 


1 


1 




Bits 




2 0 


0 


0 


0 


1 


1 


1 


1 


0 


0 


0 


0 


1 


1 


1 


1 


7 


6 


5 


4 


3 0 


0 


0 


0 


0 


0 


0 


0 


1 


1 


1 
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SYSTEM ENVIRONMENT 

The 8206 interface to a typical 32 bit memory system 
is illustrated in Figure 4. For larger systems, the 
partial parity bits from slaves two to four must be 
XOR'ed externally, which calls for one level of XOR 
gating for three 8206's and two levels for four or five 
8206's. 



N = No Error 
CBX = Error in Check Bit X 
X = Error in Data Bit X 
D = Double Bit Error 
U = Uncorrectable Multi-Bit Error 
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Figure 4. 32-BIT 8206 SYSTEM INTERFACE 
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The 8206 is designed for direct connection to the 
WD8207 Advanced Dynamic RAM Controller, due to 
be sampled in the first quarter of 1983. The 8207 has 
the ability to perform dual port memory control and 
Figure 5 illustrates a highly integrated dual port RAM 
implementation using the 8206 and 8207. The 
8206/8207 combmation permits such features as 



automatic scrubbing (correcting errors in memory 

during refresh), extending RAS and CAS timings for ^ 

Read-Modify-Writes In single memory cycles, and ^ 

automatic memory initialization upon reset. Together O 

these two chips provide a complete dual-port, error- ^ 

corrected dynamic RAM subsystem. O 
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MEMORY BOARD TESTING 

The 8206 lends itself to straightforward memory 
board testing with a minimum of hardware overhead. 
The following is a description of four common test 
modes and their implementation. 

Mode 0 — Read and write with error correction. 

Implementation: This mode is the normal 
8206 operating mode. 

Mode 1 — Read and write data with error correction 
disabled to allow test of data memory. 
Implementation: This mode is performed 
with CRCT deactivated. 

Mode 2 — Read and write check bits with error cor- 
rection disabled to allow test of check bits 
memory 

Implementation: Any pattern may be writ- 
ten into the check bits memory by judi- 
ciously choosing the proper data word to 
generate the desired check bits, through 
the use of the 8206 Hamming code. To 
read out the check bits it is first necessary 



to fill the data memory with all zeros, 
which may be done by activating WZ and 
incrementing memory addresses with WE 
to the check bits memory held inactive, 
and then performing ordinary reads. The 
check bits will then appear directly at the 
SYO outputs, with bits CBO and CB1 
inverted. 

Mode 3— Write data, without altering or writing 
check bits, to allow the storage of bit 
combinations to cause error correction 
and detection. 

Implementation: This mode is imple- 
mented by writing the desired word to 
memory with WE to the check bits array 
held inactive. 

PACKAGE 

The 8206 is packaged in a 68-pin, leadless JEDEC 
type A hermetic chip carrier. Figure 6 illustrates the 
package, and Figure 7 is the pinout. 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°Cto70°C 

Storage Temperature -65°Cto +150''C 

Voltage On Any Pin 

With Respect to Ground - 0.5V to + 7V 

Power Dissipation 2.5 Watts 



* NOTE: Stresses above tliose listed under "Absolute 
Maximum Ratings" may cause permanent damage to 
tlie device. Tliis is a stress rating only and functional 
operation of the device at these or any other con- 
ditions above those indicated in the operational 
sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability 



D.C. CHARACTERISTICS (Ta = 0°Cto70''C, Vqc = 5.0V ± 10%, Vss = GND) 
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V 
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Output High Voltage 

— DO, CBO 

— All Other Outputs 
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V 


IQH = -2mA 
'OH = 0.4mA 
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I/O Leakage Current 

— PPI4/CE 

— DO/WDIo.15 
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mA 
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Input Leakage Current 

- PPIO-3, 5-7, CBI6-7, SEDCU2 

— All Other Input Only Prns 
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± 10 


mA 
mA 


OV < V|N < VcC 



NOTES: 

1. SEDCU (pin 3) and M/S (pin 4) are device strapping options and should be tied to Vcc or GND. V|h min = 
Vcc - 0.5V and V|l max = 0.5V. 

2. PPIo-7 (pins 13-20) and CBI6-7 (pins 11, 12) have Internal pull-up resistors and if left unconnected will be pulled 
to Vcc- 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 
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A.C. TESTING INPUTS ARE DRIVEN AT 2.4V FOR A 
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MENTS ARE MADE AT 2.0V FOR A LOGIC 1 AND 0.8V 
FOR A LOGIC 0. 
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A.C. CHARACTERISTICS (Ta = 0°C to TO'C, Vqc = +5V ± 10%, Vss = OV, Cl = 100pF; all times are In 

nsec.) 
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NOTES: 

1. A.C. Test Levels for CBO and DO are 2.4V and 0.8V. 

2- TsHIV is required to guarantee output delay timings: TpVEV, TdvCV, TqvSV- Tshiv + T|VSL guarantees 
a min STB pulse width of 35 ns (45 ns for the 8206-8). 
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WAVEFORMS 
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WAVEFORMS (Continued) 



READ — MASTER/SLAVE 



STB 



R/W 



PPO (SLAVE) 
PPI (MASTER) 

DO (MASTER) 

SYO (MASTER) 
SYI (SLAVE) 

DO (SLAVE) 




ERROR 



CE 



y^zzzzzzK 



U-TPVSVH 



VALID 



TSVQV 



VALID 



I I 

2^ 



-TRHEV 



TPVEV U-l 



I I 



- y//////////x^ 



VALID 



X 



•TSVCV 



-TRHCV- 



^////////////X 



VALID 



X 



671 



WAVEFORMS (Continued) 
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WAVEFORMS (Continued) 



READ MODIFY WRITE — 16 BIT ONLY 
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WAVEFORMS (Continued) 
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WAVEFORMS (Continued) 
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(1) : 16 BIT ONLY 

(2) : MASTER/SLAVE 

See page 725 for ordering information. 



675 



D 

00 

ro 
o 



Information furnished by Western Digital Corporation Is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for Its use; nor for any infringements of patents or otfier r^gtits of tfiird parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of Western Oigltal Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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WESTERN DIGITAL 

CORPORATION 

WD8207 ADVANCED DYNAMIC RAM CONTROLLER 



H Provides All Signals Necessary to 
Control 16K (2118), 64K (2164A) and 
256K Dynamic RAMs 

■ Directly Addresses and Drives up to 2 
Megabytes without External Drivers 

Supports Single and Dual-Port 
Configurations 

<■ Automatic RAIVI Initialization in All 
Modes 

■ Five Programmable RiBfresh Modes 

■ Transparent Memory Scrubbing in ECC Mode 



■ Supports Intel lAPX 86, 88, 186, and 286 
Microprocessors 

■ Data Transfer Acknowledge Signals for 
Each Port 

■ Provides Signals to Directly Control the 
8206 Error Detection and Correction Unit 

■ Supports Synchronous or 
Asynchronous Operation on Either Port 

■ + 5 Volt Only HMOSII Technology for 
l-ligh Performance and Low Power 



The WD8207 Advanced Dynamic RAM Controller (ADRC) is a high-performance, systems-oriented, Dynamic RAM 
controller that is designed to easily interface 16K, 64K and 256K Dynamic RAMs to Western Digital and other 
microprocessor Systems. A dual-port interface allows two different busses to independently access memory. 
When configured with an 8206 Error Detection and Correction Unit the 8207 supplies the necessary logic for 
designing large error-corrected memory arrays. This combination provides automatic memory initialization and 
transparent memory error scrubbing. 
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See page 725 for ordering information. 



Figure 1. 8207 Block Diagram 
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Logic Arrays 

Part Number Page 

WD1820 Logic Array Device 681 

WD1840 Logic Array Device 687 
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FEATURES 

• SINGLE +5V SUPPLY 

• REPLACES 74LSXX LOGIC 

• MASK PROGRAMMABLE 

• THREE-STATE, OPEN COLLECTOR, OR TOTEM-POLE 
OUTPUTS 

• PROGRAMMABLE PULL-UP/PULL-DOWN RESISTORS 
ON ALL PINS 

• 130 LOGIC ELEMENTS 

• 10 "LS" LOAD DRIVE CAPABILITY 

• LOW POWER DISSIPATION 

• QUICK TURN-AROUND 

• 20 PIN DUAL-IN-LINE PACKAGE 




Figure 2 



Figure 1 

DEVICE DESCRIPTION 

The WD1820 Logic Array Device contains 130 un- 
committed logic elements that can be interconnected 
to replace a large amount of discrete S.S.i. Logic func- 
tions. Uniii<e a cell matrix or gate array, this rnasl^ 
programmable device contains prefabricated logic 
elements such as NAND gates, NOR gates, 'D' and 
'JK' Flip/Flops, and a variety of other functions. Gates 
and Flip/Flops are interconnected using a special cod- 
ing sheet, which is easily prepared directly from the 
user's schematic. This coding sheet is then digitized at 
the factory to produce a two-level masl<. The masl< is 
then applied to a pre-fabricated wafer, producing qualifi- 
cation samples typically 4 weel<s after receipt of coding 
form. 

For Bus-Oriented applications, sixteen pins of the de- 
vice may be programmed for Three-State operation. 
These pins provide I/O capability, with standard TTL 
Totem-Pole or Open Collector conifigurations. Two pins 
are provided as input only pins. All pins are program- 
mable with Pull-Up or Pull-Down resistors on-chip. 

The WD1820 is implemented in N-Channel Silicon Gate 
Technology operating from a single 5 volt power sup- 
ply. The device is available in either a plastic or 
ceramic 20 pin Dual-ln-Line pacl<age. 

Table 1 



PIN 


SYMBOL 


NAME 


DESCRIPTION 


1-9 and 




Three-state 0 to 


Three-state, Totem-pole, or Open Collector I/O pins 


12-18 




Three-state 15 




11,19 


lo. Ii 


Input 0, 


Input only pins 






Input 1 




Vss 


Vss 


GND 


Ground 


Vcc 


Vcc 


-H5V 


-i-5Volts ± 10% power supply input 
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I/O LOGIC ELEMENTS 

|< The WD1820 contains sixteen input/output buffers and 
Q two input only buffers. The I/O buffers are high current 
^ inverting drivers and receivers used to interface an external 
05 pin to the internal logic elements. These 16 pins may be 
O programmed for either three-state, totem pole, or open 
collector operation. When programmed for three-state 
operation an active high enable signal may be controlled by 
Internal logic, or externally by connecting to an adjacent 
Input pin. The two inverting input only buffers are used to 
interface directly to TTL logic. All 18 inputs/outputs have 
programmable pull-up, pull-down, or no resistor options. 



INTERFACE ELEMENTS 



Input Inverting Buffer 
Quantity: 2 

Options: Pull-up Resistor 

Pull-down Resistor 
(6.5KQTypical) 



Input 



Enable 



Input/Output Inverting Buffer 
Quantity: 16 
Input Options: 

Pull-up Resistor 

Pull-down Resistor 
Output Options: 

Totem-Pole 

Open Collector 

Three-state* 



Vcc — VW-' 



3-state 



open cot 



push/pull 



ENABLE 


IN 


OUT 


0 


0 


Hl-Z 


0 


1 


Hl-Z 


1 


0 


1 


1 


1 


0 



output/ 
Input 



Figure 3 
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INTERNAL LOGIC ELEMENTS 

The Internal Logic Elements consist of the following: 

Table 2 



QTY 


LOGIC ELEMENT 


37 


Inverters 


38 


2-lnput NOR gates 


19 


2-lnput N AND gates 


4 


2-lnput XOR gates 


12 


D type Fllp-Flops 


10 


JK type Flip- Flops 


10 


Non-Inverting Drivers 



GATES 

Inverters, NOR, NAND, and XOR gates comprise the Ran- 
dom Logic elements. The outputs of these gates are con- 
nected to a "load device" which applies power to the gate 
and performs the logic Inversion. This method achieves 
two key features: 



Gates that are unused do not draw any power (except 
for leakage currents). 

All of the above gates may be "Wire-Or'ed" to produce 
AND-OR-INVERT gates, N-input NOR gates, or 
complex boolean functions. 



FLiP/FLOPS 

Both the 'D' and 'JK' types have edge-triggered inputs with 
programmable low-to-high or high-to-low transition trig- 
gering. The 'JK' types may be programmed to perform as 
'D' types, providing the user with 22 'D' type Flip/Flops. In- 
dependent SET, RESET, Q, and Q signals are available on 
each type. 



NON-INVERTING DRIVERS 

Ten Non-Inverting Drivers provide high-fanout capability for 
internal logic. These drivers may be used for common 
CLOCK or SET/RESET lines on heavily loaded nodes of 
other logic elements. 



O 

00 
lO 

o 



Raridom Logic Elements 



Inverting Buffer 
Quantity: 37 



2-lnput NOR GATE 
Quantity: 38 



2-lnput NAND GATE 
Quantity: 19 



2-lnput XOR GATE 

Quantity: 4 



r> 



Non-inverting Driver 
Quantity: 10 



{> 



D Flip/Flop 
Quantity: 12 

Options: Positive Edge-triggered 
Negative Edge-triggered 



SET 





8 




D 0 




CK _ 











, RESET 



JK Flip/Flop 
Quantity: 10 

Options: Positive Edge-triggered 
Negative Edge-triggered 
Can be 'D' programmed 
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ABSOLUTE MAXIMUM RATINGS 

Operating Temperature 6°Cto +70°C NOTE: Maximum ratings indicate iimits beyond wliich per- 

Voitage on any pin with manent device damage may occur. Continuous operation 

respect to Vgg - 0.5V to + 7.0V at these ratings is not intended and should be iimited to the 

Storage Temperature - 55°C to +125''C plastic DC electrical characteristics. 

- 65°C to + 150°C ceramic 

DC ELECTRICAL CHARACTERISTICS T^ = O'Cto +70''C,Vcc = +5V ± 10%, Vgs = OV 
Maximum Power Ratings 1.0 watt 



Tables 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


CONDITIONS 




High Level Input Voltage 


2.2V 






V 




V,L 


Low Level Input Voltage 


-0.5 




.8 


V 




l>H 


High Level Input Current 






20 


ua 


No resistor 


IlL 


Low Level Input Current 






-200 


ua 


No resistor 


Cu 


Input Capacitance 






10 


pf 




Pr 


Programmable Resistor 


3.3 


6.5 


10 


KQ 




VoH 


Output High Voltage 


2.4 






V 


loH = -200ua 




Output Low Voltage 






.4 


V 


Iql = 4.0ma 


Pd 


Power Dissipation 
Input Buffer 
Logic Gate 
Driver 
I/O Buffer 
DFiip/Flop 
JK Fiip/Fiop 






6.5 
3.2 
10.0 
30.0 
17.6 
17.6 


mw 
mw 
mw 
mw 
mw 
mw 


50% duty cycle 
50% duty cycle 




Output Leakage 






10 


ua 
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TIMING CHARACTERISTICS 

Ta = O'Cto +70''C,Vcc +5V ± 10%, Vgg = OV 

Table 4 



PARAMETER 


MiN 


MAX 


CONDITIONS 


Logic Gate Delay (NOR, NAND, Inverter) 








Delay to Low Level (^PHL) 




18 ns 


FiniirA 7 


Delay to High Level (tPLH) 




21 ns 


PiniirA 7 


Input Buffer Propagation Delay 








Delay to Low Level (^P^|.) 




6 ns 


Pini ira 7 


Delay to High Level (tPLH) 




19.5 ns 


Piniira 7 


Output Buffer Propagation Delay 








Delay to Low Level (tPHL) 




45 ns 


Cl = 75pf 








Figure 7 


Delay to High Level (tPLH) 




40 ns 


Figure 7 


Output Enable Time to High Level (tPZH) 




65 ns 


Cl = 75pf 








Figure 9 


Output Enable Time to Low Level (^PZL) 




65 ns 


Figure 9 


Output Disable Time from Low Level (tpi 7) 




50 ns 


Cl = 5pf 


Output Disable Time from High Level (^PHZ) 






Figure 9 




60 ns 


Figure 9 


Fllp-Flop, Positive Going Edge 








Type D 








Delay to High Level (^PLH) 




55 ns 


Fini irp 7 


Delay to Low Level (tPHL) 




50 ns 


Figure 7 


Set, Reset Propagation Delay 




45 ns 


Figure 7 


1 ype 








ueiay to nign Level ('run; 




65 ns 


Figure 7 


Delay to Low Level (^PHL) 




60 ns 


Figure 7 


Set, Reset Propagation Delay 




55 ns 


Figure 7 


Type D and JK 








Data Set-U p Ti me (^s) 


30 ns 




Figure 6 


Data Hoio rime ('h) 


5 ns 




Figure 6 


L>Li\, oet, neset ruise wiatn (^w) 


100ns 




Figure 8 


Fllp-Flop, Negative Going Edge 








Type D 








rtolav/ trt Hinh 1 ouol /tPI V\\ 




55 ns 




Delay to Low Level (tPHL) 




60 ns 


Figure 7 


Set, Reset Propagation Delay 




45 ns 


Figure 7 


Type J K 








Delay to High Level (tPLH) 




65 ns 


Figure 7 


Delay to Low Level (tPHL) 




70 ns 


Figure 7 


Set, Reset Propagation Delay 




55 ns 


Figure 7 


Type D and J K 








Data Set-up Time (ts) 


30 ns 




Figure 6 


Data Hold Time (th) 


5 ns 




Figure 6 


CLK, Set, Reset Pulse Width (tw) 


100 ns 




Figure 8 
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Parameter Measurement Information 



Load Circuit 



7002 



SW1 



OUTPUT 
UNDER 



TEST 



i>H>H>h 



I 



CL 



5KS2 



SWITCH POSITIONS 



SW2 

I 



SYMBOL 


SW1 


SW2 


tPZH 


OPEN 


CLOSED 


tPZL 


CLOSED 


OPEN 


tPLZ 


CLOSED 


CLOSED 


tPHZ 


CLOSED 


CLOSED 



Figure 5 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 




Figure 6 

See page 725 for ordering information. 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 



INPUT 



0.8V 



. tpLH 

r« M 

IN-PHASE I I 
OUTPUT 



tPHL 



^ ' 0.8V 



tPHLi 



tPLH 



■ ov 

■VOH 

Vol 



OUT-OF-PHASE 
OUTPUT 



^1 ^ 
X 08V y t^^OV 



VoH 



Vol 



Figure 7 



VOLTAGE WAVEFORMS 
PULSE WIDTHS 



HIGH-LEVEL 
PULSE 



,8V 



LOW-LEVEL 
PULSE 



0.8VN 



OV 



Figure 8 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 



OUTPUT- 
CONTROL 

(high-level > 

enabling) /z.OV 

^L^tpzL— 

WA VEFORM Ij 

!S1 closed, 
|S2 open 
r^tPZH 
SI open, 
WAVEFORM 2 S2 closed 



8V 




tpLz [<•— SI and 
I S2 closed 

^ ^1.5V 



'PHZi* » ♦ 0,5V., 

_ T S1 and 

~ °V S2 closed 



Figure 9 
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WESTERN DIGITAL 

CORPO RATtON 

WD1840 Logic Array Device 



FEATURES 

• SINGLE +5V SUPPLY 

• REPLACES 74LSXX LOGIC 

• MASK PROGRAMMABLE 

• 35 PROGRAMMABLE THREE-STATE OPEN 
COLLECTOR, OR TOTEM POLE OUTPUTS 

• OVER 400 LOGIC ELEMENTS 

• 2 ON-CHIP MULTIVIBRATORS 

• ON CHIP PLA FOR STATE MACHINE 
IMPLEMENTATION 

• TTL COMPATIBLE 

• QUICK TURNAROUND 

• AVAILABLE IN EITHER 40 OR 28 PIN DUAL-IN 
LINE PACKAGE 



DEVICE DESCRIPTION 

The WD1840 Logic Array Device contains over 400 
uncommitted logic elements tliat can be inter- 
connected to replace a large amount of discrete MSI 
logic functions. It is an addition to tlie WD1820 
family, offering the designer extended I/O capability 
and more logic elements. The device also contains 
dual monostable multivibrators and a general pur- 
pose PLA configured as a state machine. 
Unlike a cell matrix or gate array, this masl< 
programmable device contains prefabricated logic 
elements such as NAND, J>IOR, XOR, and Inverter 
gates, plus 'D' and 'JK' or 'JK' Flip/Flops. Gates and 
Flip/Flops are interconnected using a special coding 
sheet, which is easily prepared from the user's 
schematic. This coding sheet is then digitized at the 
factory to produce a two-level mask. The mask is 
then applied to a prefabricated wafer, producing 
qualified samples typically 6 weeks after receipt of 
the coding form. 

The WD1840 is implemented In N-channel silicon 
gate technology operating from a single -f 5V power 
supply. It is available in either plastic or ceramic DIP. 





TABLE 1 


PIN 






NUMBER 


SYMBOL 


DESCRIPTION 


1, 2, 4-17, 


Z0-Z32 


Programmable I/O pins 


22-24, 




with 3-state, open 


26-39 




collector, or push pull 






capability. 


3, 18, 25 


I0-I2 


Input only pins. 


19 and 21 


Z33/RC1 


Programmable I/O pins 




Z34/RC2 


which at Sq can function 






as the external RC inputs 






for one-shot operations. 


20 


vss 


Ground 


40 


vcc 


-t-5V ± 10% power 






supply input. 



LOGIC ELEMENTS 

The WD1840 contains thirty-five input/output buffers 
and three input only buffers. The I/O buffers are high 
current Inverting drivers and receivers used to in- 
terface an external pin to the internal logic elements. 
These 35 pins may be programmed for either three- 
state, totem pole, or open collector operation. When 
programmed for three-state operation an active high 



_ f— 

zo C 


0 

1 


40 


p Vcc 


Z1 C 


2 


39 


□ Z32 


'oC 


3 


38 


□ Z31 




4 


37 


□ Z30 


Z3 c 


5 


36 


□ Z29 


Z4 c 


6 


35 


□ Z28 


zsc: 


7 


34 


□ Z27 




8 


33 


□ Z26 




" 


32- 


□ Z25 






Z8 CI 


10 


Vt^D1840 


31 


□ Z24 




11 




30 


□ Z23 


Z10 II 


12 




29 


□ Z22 




Z11 C 


13 


28 


□ Z21 


Z12 II 


14 


27 


□ Z20 


Zl3 [I 


15 


26 


□ Zi9 


Zl4 (I 


16 


25 


□ •2 


Zl5 II 


17 


24 


□ Z18 


•1 II 


18 


23 


□ Zi7 


Z33/RC1 c 


19 


22 


11 Z16 


Vss C 


20 


21 


□ Z34/RC2 



PIN DESIGNATION 
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enable signal may be controlled by internal logic, or 
externally by connecting to an adjacent input pin. 
< The three inverting input only buffers are used to 
O interface directly to TTL logic. All 38 inputs/outputs 
3^ have programmable pull-up, pull-down, or no resistor 
^ options. 

Two input-output pins can be programmed as the RC 
input for selected one-shot control. 

INTERNAL LOGIC ELEMENTS 

The Internal Logic Elements consist of the following: 



TABLE 2 



QTY 


LOGIC ELEMENT 


112 


Inverters 


112 


2-lnput NOR gates 


88 


2-lnput NAND gates 


22 


2-lnput XOR gates 


62 


D type Flip-Flops 


5 


JKtype Flip-Flops 


17 


Non-Inverting Drivers 


1 


24x24x16 PLA 



GATES 

Inverters, NOR, NAND, and XOR gates comprise the 
Random Logic elements. The outputs of these gates 
are connected to a "load device" which applies 
power to the gate and performs the logic inversion. 
This method achieves two key features: 

1) Gates that are unused do not draw any power 
(except for leakage currents). 

2) All of the above gates may be "Wire-Or'ed" to 
produce AND-OR-INVERT gates, N-input NOR 
gates, or complex boolean functions. 

FLIP/FLOPS 

Both the 'D' and 'JK' types have edge-triggered clock 
inputs with programmable low-to-high or high-to-low 
transition triggering. The 'JK' types may be pro- 
grammed to perform as 'D' types or as 'JK.' In- 
dependent SET, RESET, Q, and Q signals are 
available on each type. 

NON-INVERTING DRIVERS 

Seventeen Non-Inverting Drivers provide high-fanout 
capability for internal logic. These drivers may be 
used for common CLOCK or SET/RESET lines on 
heavily loaded nodes of other logic elements. 



o ' 

N 

L 

B Y 
U 
F 
F 

E 
R 

§ 

2 

I/O 
BUFFERSI 
or 

2 

external 
RC 

one-shot 
timing 
inputs 



24x24x16 
PLA 



112 
Inverters 



88 

NAND Gates 



112 
NOR Gates 



22 

XOR Gates 



62 
D F/F's 



5 

JK F/F's 



17 
Drivers 



33 



N 
P 
U 



O 
U 
T 
P 
U 
T 



B 

U 

F 

F 

E 

R 

S 



Figure 2 WD1840 BLOCK DIAGRAM 
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INTERFACE ELEMENTS 



O 

00 



Input Inverting Buffer 
Quantity: 3 

Options: Pull-up Resistor 

Pull-clown Resistor 
(6.5KQ Typical) 

Input/Output Inverting Buffer 
Quantity: 35 
Input Options: 

Pull-up Resistor 

Pull-down Resistor 
Output Options: 

Totem-Pole 

Open Collector 

Three-state* 




vcc 



Input I 



vss 



Enable 



ENABLE 


IN 


OUT 


0 


0 


Hl-Z 


0 


1 


Hl-Z 


1 


0 


1 


1 


1 


0 



3-state 



open col 



push/pull 



output/ 
Input 



Vcc 



RANDOM LOGIC ELEMENTS 



Inverting Buffer 
Quantity: 112 

2-lnput NOR GATE 
Quantity: 112 

2-lnput NAND GATE 
Quantity: 88 

2-lnput XOR GATE 
Quantity: 22 

Non-Inverting Driver 
Quantity: 17 



D Flip/Flop 
Quantity: 63 

Options: Positive Edge-triggered 
Negative Edge-triggered 



JK Flip/Flop 

Quantity: 5 ij 

Options: Positive Edge-triggered "* 
Negative Edge-triggered 
Can be 'D' programnned 
Can be 'JK' programmed 






D 






CK 






CK Q 






R 







S Q 






c 




y 






R Q" 



Figure 4 



GENERAL-PURPOSE PLA 

Tlie general-purpose PLA consists of two internally 
connected gate matrices. The upper "AND" matrix is 
a 24x24 array with synchronizing flip/flop inputs. The 
lower "OR" matrix is a 24x16 array with internal state 
counter. In addition, a 2 phase clock generator has 
been included to generate appropriate clocl<s to l<eep 
synchronism between the two matrices. 

Twenty-four sub-term outputs (Sq, 82, ... S23) are 
available for further interconnect throughout the 
WD1840. Sixteen independent term outputs (Oq — 
0i5) can be user defined to create any type of control 
signal desired. 

To program the PLA, the user simply "circles" a 
cross point in the matrix to enable that transistor. 

ABSOLUTE MAXIMUM RATINGS 

Operating Temperature CO to -1- 70° C 

Voltage on any pin with 

respect to Vss - 0.5V to -f- 7.0V 

Storage Temperature 

Ceramic -65°Cto h-ISO^C 

Plastic -55Xto -i-125''C 

Maximum Power Dissipation 1.5 watt ceramic; 

1 .0 watt plastic 

DC ELECTRICAL CHARACTERISTICS 

Ta = O'Cto -I-70»C,VCC = +5V ± 10%,VSS = OV 



NOTE: 

Maximum ratings indicate limits beyond which permanent 
device damage may occur. Continuous operation at these 
ratings is not Intended and should be limited to the DC 
electrical characteristics. 
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TABLES 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


CONDITIONS 


VlH 


High Level Input Voltage 


2.2V 






V 




Vii 

' 1 L. 


Low Level Input Voltage 






.8 


V 




llM 


High Level Input Current 






20 


uA 


No resistor 


III 
ML 


Low LpvpI Inniit riiirrpnt 






- 200 


uA 


No resistor 


^L 


Input Capacitance 






lU 






PR 


Programmable Resistor 


3.0 


6.5 


10 


KQ 




VOH 


Output High Voltage 


2.4 






V 


lOH = -200mA 


Vni 
» UL 


Oiitniit 1 n\A/ V/nlt^*n^ 






4 


y 






Power Dissipation 














Input Buffer 




e 
D 


y 


mw 


50% duty cycle 




1 nn IP r^AtP 




3 


4 


m w 


^09^ Hiit\/ rvpip 




Driver 




7 


10.0 


mw 






I/O Buffer 




20 


30.0 


mw 






D Flip/Flop 




9 


14.0 


mw 






JK Flip/Flop 




9 


17.0 


mw 






D Flip/Flop Reduced Power 




4.5 


7.0 


mw 




IL 


Output Leakage 






±10 







See page 725 for ordering information. 



Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for its use; nor for any infringements of patents or other riyhts of third parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves' the right to change 
specifications at anytime without notice. 
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Network Products 



Part Number Page 

WD2501 /251 1 Packet Network Interface (LAP/LAPB) 693 

WD2520 CCITT #7 Data Link Controller 705 

WD2840 Local Network, Token Access Controller 707 

WDK25001 PACKIT 719 
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WD2501/2511 Packet Network Interface (LAP/LAPB) 



FEATURES 

• Packet switching controller, compatible with 
CCITT reconnmendation X.25, level 2, LAP (2501) or 
LAPB(2511) 

• Programmable primary timer (T1) and retrans- 
mission counter (N2) 

• Programmable A-field which provides a wider 
range of applications than defined by X.25. These 
include: DTE-to-DTE connection, multipoint and 
loop-back testing 

• Direct memory access (DMA) transfer two 
channels; one for transmit and one for receive. 
Send/receive data accessed by indirect addressing 
method. Sixteen output address lines. 

• Zero bit insert and delete 

• Automatic appending and testing of PCS field 

• Computer bus interface structure: 8 bit bi- 
directional data bus. CS, WE, RE and four input 
address lines 

• DC to 1 .1 MBPS data rate 



• TIL compatible 

• 48 pin dual in-line packages 

• Higher bit rates available by special order 

APPLICATIONS 

X.25 PACKET SWITCHING CONTROLLER 
PART OF DTE OR DOE 
PRIVATE PACKET NETWORKS 
LINK LEVEL CONTROLLER 



GENERAL DESCRIPTION 

The WD2501/251 1 is a MOS/LSI device which handles 
bit-oriented, full-duplex serial data communications 
with DMA, which conforms to CCITT X.25 with 
programmable enhancements. 

The device is fabricated in N-Channel silicon gate 
MOS technology and is TTL compatible on all inputs 
and outputs. 



O 

to 
cn 
o 
_x 

cn 



NO CONNECTION c 
REPLY C 
Win 

c5c 
REC 

CLKC 

nRc 

DALO C 
DAL1 C 
DAL2 C 
DAL3 C 
DAL4 C 
DAL5 C 
DAL6 C 
DAL7 C 
ROC 

r5 c 

(QND) Vsg C 

T5C 

TOC 

Hts c 

ai c 

PR55 c 

cnci c 



WD2501I 
WD2511 



]Vcc( + 5V) 

3 IA1 

3 lAO 

□ IA2 

3 IA3 

3INTF1 

]Vdd(+12V| 

3A5 

3A4 

DA3 

]A2 

]A15 

]A14 

]A13 

]A12 

]A11 

]A10 

]A9 

3A8 

3A7 

3A6 

3 AO 

JA1 



IA0-IA3 - 

urra ■ 



READ! 
WRITE 
CONTROL 



INTERNAL 
REGISTERS 
(11 X8) 



CENTRAL 
MICRO- 
CONTROLLER 



DATAfCONTROL BUS 



A0A15 



TRANSMITTER 



ic— * I 



■ cT5 
» HTS 



PIN ASSIGNMENTS BLOCK DIAGRAM 
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INTERFACE SIGNAL DESCRIPTION 



PIN 








NUMBER 


PIN NAME 


SYMBOL 


FUNCTION 


48 


POWER SUPPLY 


vcc 


+ 5VDC power supply input. 


42 


POWER SUPPLY 


vdd 


+ 12VDC power supply input 


18 


GROUND 


vss 


Ground 


Q 


CLOCK 


CLK 


dr>rk inniit ii^pri fnr internal timinn Mii^t hp 
square wave from 1.0 to 2.0/2.5 MHz. See 
ordering infornnation. 


7 


MASTER RESET 


MR 


Initialize on active low. All registers reset to 








zero, except control bits MDISC and LINK are 
set to 1 DACK must be stable high before MR 














goes high. 


4 


CHIP SELECT 


CS 


Active low chip select for CPU control of I/O 
registers. 


8-15 


DATA ACCESS LINES 


DAL0-DAL7 


An 8 bit bi-directional three-state bus for CPU 
and DMA controlled transfers. 


5 


READ ENABLE 


RE 


The contents of the selected register are 
placed on DAL when CS and RE are low. 


3 


WRITE ENABLE 


WE 


The data on the DAL are written into the 
selected register when CS and WE are low. 
RE and WE must not be low at the same time. 


2 


REPLY 


REPLY 


An active low output to indicate that either a 
CS»WE or CS-RE input is active. 


43 


INTERRUPT REQUEST 


INTR 


An active low interrupt service request output. 
Returns high when Status Register #1 is read. 


4fi 47 




lAD.IA') 




45,44 






controlled read/write operation with registers 
in the 2501/11. If ADRV = 0, these may be 
tied to A0-A3. 


07 Oft 


ADDRESS LINES OUT 


A0-A15 


Sixteen address outputs from the 2501/11 for 


3841, 






DMA operation. If the control bit ADRV is 1, 


28-37 






the outputs are TTL drives at all times. If 
ADRV is 0, the outputs are 3-state, and are 
Hl-Z whenever DACK is high. (ADRV is in 
Control Register #1.) 


23 


DMA REQUEST OUT 


DRQO 


An active low output signal to initiate CPU 
bus request so that 2501/11 can output onto 
the bus. 


24 


DMA REQUEST IN 


DRQi 


An active low output signal to initiate CPU 
bus request so that data may be input to the 
2501/11. DRQI and DRQO cannot be low at the 
same time. 


25 


DMA ACKNOWLEDGE 


DACK 


An active low input from the CPU interface 
logic in response to_ DRQO or DRQI. DACK 
must not be low if CS and RE are low or if 5S 

cinu vvc are low. 


20 


A K 1 O ft J IT n\ ATA 

TRANSMIT DATA 


TD 


Transmitted serial data output. 


16 


RECEIVE DATA 


RD 


Receive serial data input. 


19 


TRANSMIT CLOCK 


TC 


A IX clock input. TD changes on the falling 
edge of TC, 


17 


RECEIVE CLOCK 


RC 


This is a IX clock input, and RD is sampled 
on the rising edge of RC. 
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21 


REQUEST-TO-SEND 




An open collector (drain) output which goes 
low when the 2501/11 is ready to transmit 
either flags or data. May be hard-wired to 
ground. 


22 


CLEAR-TO-SEND 




An acive low input which signals the 2501/11 
that transmission may begin. If high, the TD 
output is forced high. May be hard-wired to 
ground. 


1 


NO CONNECTION 




Leave pin open. 
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o 

lo 

s 



ro 



(DTR, DSR, ETC.) 



M2V0C +5VDC GND 

SYSTEM CONNECTION 





(FRAMF: (PACKETl K 

« I FIiLD (PACKET DATA) »| 


FLAG ADDRESS CONTROL 


PACKET 

CONTROL USER DATA 
INFORMATION 


FCS FLAG 


* X.25 LEVEL 2 ► 

APPENDED 
« BY »■ 


X.25 LEVEL 3 j-« APPLICATION SOFTWARE » 

« DMA ACCESSED *. 


«l X.25 LEVEL 2 1» 

APPENDED 



According to the X.25 protocol, there are three types of frames: supervisory (S-frame), unnumbered 
(U-frame), and Information (l-frame). All S- and U frames are generated and tested by the 2501. The 
user's CPU handles only the l-fleld of l-frames, which are packet data. 
NOTE: X.25 Level 1 1s the physical interface. 

FRAME FORMAT CONTROL 



The WD2501/11 is controlled and monitored by sixteen I/O registers. 

Control, status and error bits will be referred to as OR, SR and ER, respectively, along with two digits. For 
example, SR16 refers to status register #1 and bit 6, which is "XBA." 



REG.# 


IA3 


IA2 


IA1 


lAO 


REGISTER 


REGISTER GROUPING 


0 


0 


0 


0 


0 


CRO 




1 


0 


0 


0 


1 


CR1 


OVERALL CONTROL 


2 


0 


0 


1 


0 


*SRO 


AND 


3 


0 


0 


1 


1 


*SR1 


MONITOR 


4 


0 


1 


0 


0 


*SR2 




5 


0 


1 


0 


1 


*ERO 




6 


0 


1 


1 


0 


*CHAIN MONITOR 


RECEIVER 


7 


0 


1 


1 


1 


* RECEIVED C-FIELD 


MONITOR 


8 




0 


0 


0 


T1 


TIMER 


9 




0 


0 


1 


N2m 




A 




0 


1 


0 


TLOOK HI 




B 




0 


1 


1 


TLOOK LO 


DMA SET-UP 


C 




1 


0 


0 


CHAIN/LIMIT 




D 




1 


0 


1 


(UNUSED) 




E 




1 


1 


0 


XMT COMMAND 


"A" FIELD 


F 




1 


1 


1 


XMT RESPONSE 





'CPU READ ONLY. (Write not possible) 



(>g6 



CONTROL, STATUS, ERROR REGISTERS 



REGISTER 


7 


6 


5 


4 


3 


2 


1 


0 


CRO 


A DISC* 


0 


MALr/ 
FULL* 


ACTIVE/ 
PASSIVE 


LOOP 
TEST 


RAMT 


RECR 


MDISC 


Cnl 


XVfcilT* 

IaM I 


1 HOV 


VI * 
Al 


ADRV 


0 


0 


0 


SEND 


QRn 
onu 




M A1 


INAU 






|ND1 


INDU 




SR1 


1PKR 


1XBA 


1 ERROR 




NE2 


NE1 


NEO 




SR2 


T10UT 


IRTS 


REC 
IDLE 










LINK 


ERO 


ER07 


ER06 


EROS 


ER04 


EROS 


ER02 


ER01 


EROO 



1 Causes Interrupt (INTR Goes Low). *Used on 2511, only. 



BIT 


DESCRIPTION 


CR07 


ADISC is used when CR04 = 1 (ACTIVE). When the 2511 actively initiates link 
oc/i-up, d Uloo WIN uc/ iranoiTiiiica aiiu aot\riowi6uy6Q prior lo iransiTiission ot 
the SABM if CR07 = 0. Otherwise, the 2511 will send the SABM for link set-up, 
but not preceed the SABM with a DISC If CR07 = 1. 


CR06 


Unused control bits, like CR06, should remain at 0. 


CR05 


H/F selects full duplex If CR05 = 0, and half duplex if CR05 = 1. (See 
Appendix B). 


CR04 


This bit will cause the 2501/11 to initiate link set-up If CR04 = 1, or to wait for a 
link set-up from the remote device if CR04 = 0. 


CR03 


The LOOP TEST bit will connect the transmitted data output to the receiver 
input. The receiver input pin, RD, is gated-out. The "E" and "F" registers of the 
A-field should be equal. 


CR01 


This bit is RECR which defines the CPU's receiver buffer as Ready (CR01 = 1) 
or as Not Ready (CR01 = 0). 


CROO 


MDISC is a mandatory disconnect command. MDISC will cause a logical 
disconnect in the DTE/DCE link. No DMA accessed data may be transferred as 
long as MDISC = 1. After Master Reset (MR pin transition from low to high), 
MDISC will be set. The 2501/11 will neither transmit nor accept received data 
until MDISC = 0. 


CR14 


The ADRV bit (CR14) is the control for the 16 bit output addresses (A0-A15). if 
ADRV = 0, the outputs are 3-state and are in Hl-Z, except when DACK goes 
low. If ADRV = 1, the outputs are always low impedance (TTL), and are high 
when DACK is high. 


CR17, CR16, CR15 


TXMT and TRCV selects the transparent modes. 


CR10* 


The SEND bit (CR10) is used to command the 2501/11 to send the next packet 
or packets. If SEND = 1, the 2501/11 will read from TLOOK the BRDY bit of the 
next segment for transmission. If BRDY = 0, the 2501/11 will clear SEND and 
no action occurs. If BRDY = 1, the 2501/11 will then read TSADR and TCNT, 
followed by the transmission of that buffer. After transmission, the 2501/11 
clears BRDY of the segment just transmitted, and reads BRDY of the next 
segment. If 1, the next segment is transmitted. If 0, the SEND bit is cleared, and 
transmission of packets is stopped. 


SR07-SR05* 


NA2-NA0. Next block of transmitted data to be Acknowledged. 


SR04 


RNRR. An RNR has been received. 


SR03-SR01* 


NB2-NB0. Next block to be transmitted. 
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BIT 


DESCRIPTION 


SROO 


RNRX. As a result of RECR (CR01) = 0, an RNR has been transmitted. 


SR17 


The PKR bit stands for Packet Received. This means that a packet has been 
received error-free and in correct sequence according to the received N (S) 
count. The data (l-field) has been placed in the CPU's RAM memory. NE is 
advanced. 

The three interrupt-causing bits are SR17, SR16, and SR15. Any of the three will 
cause an Interrupt request (INTR goes low) when that bit goes to a 1. After SR1 
is read, all three bits are reset to 0, and INTR returns high. 


SR16 


The XBA bit means that a previously transmitted Block, or Blocks, have been 
acknowledged by the remote device. Upon acknowledgement, the ACK'ED bit Is 
set to "1" for each segment in TLOOK which was acknowledged. 


SR15 


The ERROR bit indicates: 1) An error has occurred which is not recoverable by 
the 2501/11, or 2) A significant event has occurred. The "significant events" are: 
change in link status (link-up or down), the 2501/11 is progressing to the next 
segment In a chained receive buffer, or one-direction of the link has been reset. 

The exact nature of the reason for the ERROR bit is given in ERO. 


SR13-SR11* 


NE2-NE0. Next Expected packet segment number of RLOOK. 


SR27 


T10UT bit means that timer T1 has timed-out. This bit returns to 0 when T1 is 
re-started. 


SR26 


IRTS stands for the Internal Request-To-Send bit, and indicates that the trans- 
mitter is attempting (successful or not) to send either data or flags. If the RTS 
pin is not tied to ground or WIRE-ORED with another signal, then IRTS = RTS. 


SR25 


REG IDLE indicates that the 2501/11 has received at least 15 contiguous 1's. 


SR20 


If the link is established, LINK = 0. If the link is logically disconnected, LINK 
= 1. 



*See "Memory Access Method" Section 
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ERROR REGISTER (ERO) 



ER07 


ER06 


EROS 




0 


0 


0 


EROO 


= NOSFR (2501 only) 












ER01 


= ROR 














ER02 


= TUR 














EROS 


= Not Used 














ER04 


= RLNR 














ER04 


ER03 


ER02 


ER01 


EROO 










0 


0 


0 


0 


1 


LINK is up. (Was down) 


U 


U 


H 
1 


1 


0 


0 


0 


0 


Received DISC or DM while LINK up. 








0 


0 


1 


0 


0 


DISC sent, since SARM sent N2 times 


















without UA. 








0 


0 


0 


1 


0 


DISC sent, RED IDLE for T1xN2. 








CHAIN STATUS 








U 


A 
1 


0 


EROO 


= GNCS 














ER01 


= CNR 












LINK RESET RECEIVED If EROS - EROO = 000000 


1 


0 


LINK RESET TRANSMITTED if EROS 


■ EROO = non-zero 






EROO similar to W 












ER01 similar to X 












ER02 similar to Y 












ER03 similar to Z 












EROS means received F = 1, but did not send P = 1 






ER04 means l-frame was sent N2 times without acknowledge 






COMMAND REJECT 








1 


1 


RECEIVED if EROS - EROO = 


000000 








TRANSMITTED if EROS ■ EROO = non-zero 






EROO 


= W 














ER01 


= X 














ER02 


= Y 














ER03 


= Z 











o 

lO 

s 



NOTES: 

1. Whenever a command reject (CMDR) is received, the l-field will have been placed in appropriate memory by 
DMA, and a linl< reset SARM will be transmitted. The NB is not advanced. 

2. Definitions of W, X, Y, Z as stated In CCITT X.2S. 



TERMS USED IN ERROR REGISTER 

GNCS 

Going to Next Chain Segment. 
RLNR 

RLOOK Not Ready. REC RDY bit of next segment 
is 0. 

ROR 

Receiver Over-Run. The Receiver Register (RR) had a 
character to load into the FIFO, but the FIFO was full. 



TUR 

Transmitter Under-Run. The Transmitter Register (TR) 
needed a character from the Transmitter Holding 
Register (THR), but the THR was not ready 

NOSFR 

No S-frame received for T1 x N2. 
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MEMORY ACCESS METHOD 

^ The memory access method, which includes DMA, is 
O designed to take full advantage of the bit-oriented 
^ protocol which allows up to 7 l-frames to be out- 
O standing (i.e., unacknowledged) in each direction of a 
^ communications link. The memory access method 
N used two "look-up" tables: One for transmit and one 
.k for receive. These tables contain addresses and 
control for the inidividual send/receive packets. Thus, 
packet data are DMA addressed indirectly. This 
method Is bet suited for most software applications. 

The 16 bit starting address for the look-up table 
TLOOK is loaded into the 2501/11 by the CPU. (I/O 
Registers "A" and "B"). RLOOK must immediately 
follow TLOOK in contiguous fashion. TLOOK and 
RLOOK are in the RAM memory external to the 
2501/11. There are a total of 8 segmented control 
sections for each table. Each segment contains eight 
bytes. Four bytes are used for data memory starting 
address and length, two bits of one byte are used for 
control, one byte defines variable bit length and 
residual, and the other two bytes are open for user 
definition. 



In transmit, the 2501/11 will have read from TLOOK 
the starting address and length of the first packet to 
be transmitted. The 2501/11 will automatically 
transmit the flag, address, and control fields. Next, 
the Information field data will be transmitted using 
DMA from the "SEND #0 PACKET' memory. At the 
end of the information field, the 2501/11 will 
automatically send the PCS and closing Flag. The 
2501/11 will then move on to the next packet. 

If retransmission of one or more (up to seven) 
packets becomes necessary, the 2501/11 will 
automatically retrace the previous transmissions 
through the TLOOK table. The user's CPU software 
does not become Involved in the retransmission. 
However, an ERROR COUNTER is incremented. (See 
Error Counter Section.) 

To receive, each frame is checked for correct address 
and FCS fields and for type of control field. If the 
frame is a packet, the information field is placed in 
the assigned memory location in a method similar to 
that used in transmit. After the packet is received 
error-free and in proper N(S) sequence count, an 
interrupt is generated, and the 2501/1 1 is ready for the 
next packet which will be placed in the next location. 




RECEIVE 
PACKET 
#2 



MEMORY ACCESS SCHEME 
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"DEADLY EMBRACE" PREVENTION 

A "deadly embrace" can occur when two processors 
reach a state where each is waiting for the other. In 
this case, the two processors are the user's CPU and 
the micro-controller inside the 2501/11. Therefore, to 
prevent the "deadly embrace," the following rule is 
obeyed by the 2501/11 and should also be obeyed by 
the user's CPU. This rule applies to TLOOK, RLOOK, 
and to the I/O registers. The Error Counters do not 
apply to this rule. 



RULE: 

If a bit is set by the CPU, it will not be set by the 
2501/11, and vice versa. If a bit Is cleared by the 
2501/11, It will not be cleared by the CPU, and 
vice versa 



As an example, the BRDY bit in the TLOOK segment 
Is set by the CPU only, but cleared by the 2501/11 
only. 



ERROR COUNTERS 

Following contiguously after RLOOK is ten 8-bit error 
counters. The 2501/11 will increment each counter at 
the occurrence of the defined event. However, the 
2501/11 will not increment past 255 (all 1's). The CPU 
has the responsibility of clearing each counter The 
first counter past RLOOK Is #1, etc. 



ERROR 
COUNTER 



COUNT 



1 Received Frames with FCS Error or 
Aborted 

2 Received Short Frames (less than 32 bits) 

3 Number of times T1 ran-out (completed) 

4 Number of l-Frame Retransmissions 
(2501 only) 

5 REJ Frames Received 

6 REJ Frames Transmitted 



O 
ro 



to 



1 BYTE # IN SEGMENT 


7 


6 1 5 1 4 1 3 1 2 1 1 


0 


1 


ACK'ED 


RESERVED 


BRDY 


2 


TSADR HI 


3 


TSADR LO 


4 


RESERVED | TCNTHI 


5 


TCNT LO 


6* 


SPARE* 


7* 


SPARE* 


8* 


SPARE* 



*Spare. Must be present. User may use these bytes. 



TLOOK SEGMENT 
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BYTE # IN SEGMENT 


7 


6 1 5 1 4 


3 


2 


1 


0 


1 


FRCML 


RESERVED 


RES2 


RES1 


RESO 


REC 
RDY 


2 


RSADRHI 


3 


RSADR LO 


4 


RESERVED | RCNT HI 


5 


RCNT LO 


6* 


SPARE 


7* 


SPARE 


8* 


SPARE 



RES2, RES1, RESO describes number of received residual bits. 
*Spare. User may use these bytes. 



RLOOK SEGMENT 



BRDY means that the transmit buffer is ready. The 
2501/11 will send the block only after the CPU mal<es 
BRDY = 1. (BRDY Is used in conjunction with the 
SEND bit.) At the completion of the transmission, the 
2501/11 will mal^e BRDY = 0, and then read the 
BRDY of the next segment. 

After transmitting a packet, an acknowledgement 
must be received from the remote device. The 
acknowledgement is contained in the received N (R) 
count of an l-frame, RR frame, or RNR frame. Upon 
acknowledgement, the 2501/11 will make ACK'ED = 
1, and generate a block-acknowledged Interrupt. 
Before assigning a new block to a segment in 
TLOOK, the CPU must make sure that the previous 
block which used that segment number has been 
acknowledged. 

REC RDY infomis the 2501/11 that the receive buffer 
is ready. The 2501/11 will not receive a packet Into a 
buffer referenced by a particular segment until REC 
RDY = 1. If the 2501/11 progresses to a segment 
which has REC RDY = 0, an error interrupt will be 
generated. 

After receiving an error-free packet in proper 
sequence, the 2501/11 will set FRCIVIL, clear REC 
RDY, and generate a Packet Received Interrupt. The 
2501/11 will also write the value of the binary length 
of the received packet in RCNT HI and RCNT LO. The 
NE count Is advanced. The 2501/11 will acknowledge 
received packets at the first opportunity This will be 
in either the next transmitted l-frame, or by an RR 



frame if RECR = 1, or by an RNR frame if RECR = 0. 
(RECR is in CRO.) 

In the address bytes, HI represents the upper 8 bits 
and LO represents the lower 8 bits. In the count 
bytes, HI represents the upper 4 bytes. 

TSADR is the starting address of the buffer to 
transmit and TCNT is the binary count of the number 
of characters in the l-field. 

RSADR is the starting address of the receive buffer. 
After successfully receiving the packets, the 2501/11 
will write the value of RCNT which is the binary count 
of the number of characters in the l-f leld. 

Whether the 2501/11 accesses a look-up table or a 
memory block a DMA Cycle Is required for each 
access. 

TLOOK AND RLOOK POINTERS 

There are three 3-bit counters for the status of the 
segments in TLOOK and RLOOK. Status Register #0 
(SRO) contains counters NA and NB which are used 
in conjunction with TLOOK. NB is the segment 
number of the next block to be transmitted, and is 
advanced at the end of each DMA transmission. NA 
is the value of the segment of the next block which 
will be acknowledged. If all transmitted blocks have 
been acknowledged, then NA = NB. 

In SRI is a 3-bit counter, NE, used with RLOOK. NE is 
the value of the segment number where the next 
received packet will be placed. 
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PRELIMINARY TIMING SPECIFICATIONS 



SYMBOL 



PARAMETER 



MIN. 
JNSL 



MAX. 
(NS) 



COMMENT 



O 

o 
en 



Tar 
trd 

thd 
tha 
Taw 

Tww 
tdw 

tahw 
tdhw 

tdai 

tdao 

tdd 

tdah 
tdmw 

trpi 

TrP2 



Input Address Valid to RE 

Read Strobe (or DACK Read) 
to Data Valid 

Data Hold Time from Read Strobe 

Address Hold Time from Read Strobe 

Inpu t Address Valid to Trailing Edge of 
WE 

Minimum WE Pulse 

Data Valid to Tr ailing E dge of WE or 
Trailing Edge of DSCR for DMA Write 

Address Hold Time after WE 

Data Hold Time after WE or after DACK 
or DMA Write 



Time from DRQO (or DRQI) to Output 
Address Valid if ADRV = 1 



Time from DACK to Output Address 
Valid if ADRV = 0 



Time from Leadi ng Edg e o f DAC K to 
Trailing Edge of DRQO (or DRQI) 



Output Address Hold Time from DACK 

Data hold Time from DACK for DMA 

Read 



REPLY Response Leading Edge 



REPLY Response Trailing Edge 



80 
200 

200 
100 

80 
80 



200 
375 

80 



C (DAL) = 50 pf 
C (DAL) = 100 pf 



80 


C (ADDRESS) = 100 pf 


360 


C (ADDRESS) = 100 pf 


200 


C (DRQ) = 50 pf 


120 




80 




160 
240 


ClOAD = 50 pf 
ClOAD = 100 pf 


200 
260 


ClOAD = 50 pf 
ClOAD = 100 pf 





CPU WRITE TIMING (CS IS LOW) 



^ 



DRQI V ' y 

DACK ^^^!^__ 



DMA OUT TIMING 



DMA IN (A0-A15 SAME AS DMA OUT) 
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WD2501/11 ORDERING INFORMATION 



PART NO. 


MAX. DATA RATE 


WD25XX-01 
WD25XX-05 
WD25XX-11 


100 KBPS 
500 KBPS 
1.1 MBPS 



2 See page 725 for ordering information. 



Information furnished by Western Digital Corporation Is believed to be accurate and reliable. However, no responsibility Is assumed by Western Digital 
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from Its use. No license Is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 

specifications at anytime without notice. 
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Printed in U S A 



WESTERIM DIGITAL 

CORPORAT/ON 

WD2520 CCITT #7 Data Link Controller 



FEATURES 

• Performs most of the controls of the Message 
Transfer part of CCITT #7. 

• Dual Channel DMA for full-duplex operation. 

• Unique memory access method for buffer 

management. 

• All formatting of bit-oriented control included: zero 
bit insertion and deletion. Automatic appending 
and testing of flags and FCS Fields. 

• Automatic control of sequence numbers FSN and 
BSN, and of control bits FIB and BIB. 

• Optional selection of either "Basic" error 
correction method or the preventive cyclic retrans- 
mission error correction method. 

• Computer bus interface structure: 8-bit bi- 
directional data bus. 16-bit address bus for DMA. 4- 
bit input address bus (may be tied to lower 4 bits of 
16 bit address). CS, RE, WE. 

• 48-pin dual in-line package. Pin assignment com- 
patible with the WD2501 and WD2511 packet net- 
work interface chips. 

• TTL compatible. 

• Speeds to 1 .1 MBit/Sec Transm it-Receive Rate. 

• Telephone central office signalling. 



GENERAL DESCRIPTION 

The WD2520 is a MOS LSI device which is com- 
patible with the CCITT Recommendation #7 (Signal- 
ling System Number 7). The overall objective of 
Signalling System #7 is to provide one internationally 
standardized general purpose common channel sig- 
nalling system for information transfer within tele- 
communications networks, (i.e. signalling from one 
central office switch to another). 

The WD2520 performs most of the controls of the 
Message Transfer Part of CCITT#7. The device In- 
cludes a unique buffer management scheme with 
dual channel DMA. 

The WD2520 is pin-for-pin compatible with the 
WD2501 /251 1 popular Level 2 X.25 controller. 

See page 725 for ordering information. 



NO CONNE CTION I 
REPLY I 
WE I 
OS I 
RE I 
CLK I 
WK I 
DALO I 
DAL1 I 
DAL2 I 
DAL3 I 
DAL4 I 
DAL5 I 
DAL6 I 
DAL7 I 
RD I 
RC CZ 
(GND)Vss I 

TC czd 

TP I 
RTS" 
CTS 1 
DRQO 
DRQI 



WD2S20 



Vcc( + 5V) 

IA1 

I AO 

IA2 

IA3 

INTR 

Vdd( + 12V) 

A5 

A4 

A3 

A2 

A15 

A14 

A13 

A12 

A11 

A10 

A9 

A8 

A7 

A6 

AO 

A1 

DACK 



READ- 
WRITE 
CONTROL 



.-ORQI 




Figure 1. 
PIN CONNECTION 



Figure 2. BLOCK DIAGRAM 
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This is a preliminary specification with tentative device parameters and may be subject to change after final product characterization is completed. 

Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for its use; nor for any Infringements of patents or other rights of third parties which may result from its use. No license Is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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Printed in U S A 



WESTERiy DIGITAL 

CORPORAT/ON 

WD2840 Local Network, Token Access Controller 



FEATURES 

Broadcast Medium Oriented (Coax, RF, CATV, IR, 

etc.) 

<» Up to 254 nodes/1 .1 iVIbps 

Dual DMA/Highiy efficient Memory Blocl< 

Cliaining 

» Tol^en based protocoi 

» Acknowledge option on each datagram 

<» Adjustable fairness, stations may be prioritized 

'» Frame format similar to industry standard HDLC 

<» Supports Global Addressing 

« Diagnostic Support: Self-Tests, System and 
Network 

<» TTL Compatible 
APPLICATIONS 

The 2840 is a general purpose Local Network Token 
Controller applicable to virtually all types of multi- 
point communications applications. The token 



protocol allows the sharing of one bus by up to 254 
nodes. 2840's will be designed into process control 
equipment, micro-computers, mini-computers, per- 
sonal computers, proprietary micro-processor based 
applications, intelligent terminals, front-end proces- 
sors, and similar equipment. 

The great advantage for the design engineer is the 
ease with which he can implement a local network 
function. The 2840 handles autonomously all major 
communcations tasks as they relate to the local 
network function. 

GENERAL DESCRIPTION 

The WD2840 is a MOS/LSI device intended for local 
network applications, where reliable data com- 
munications over a shared medium is required. The 
device uses a buffer chaining scheme to allow ef- 
ficient memory utilization. This scheme minimizes 
the host CPU time requirements for handling packets 
of data. The WD2840 frees the host CPU from ex- 
tensive overhead by performing network initializa- 
tion, addressing, coordination, data transmission, ac- 
knowledgements and diagnostics. 
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The WD2840 is packaged in a 48 pin DIP. The 
following is a functional description of each pin. An 

< asterisk after a signal name (SIGNAL*) means active 

O Low. 



PIN 
NUMBER 


PIN NAME 


SYMBOL 


FUNCTION 


48 


POWER SUPPLY 


vcc 


+ 5VDC power supply input 


42 


POWER SUPPLY 


vdd 


-1- 12VDC power supply input 


18 


GROUND 


vss 


Ground 


6 


CLOCK 


CLK 


Clock input used for internal timing. Must be 
square wave and 1.0-2.5 MHz. 


7 


MASTER RESET 


MR* 


Initialize on active low for at least 10 ms. All 
registers reset to zero, except control bits ISOL 
and ALONE are set to 1. DACK* must be stable 
high before MR* goes high. 


4 


CHIP SELECT 


OS* 


Active low chip select for CPU control of I/O 
registers. 


8-15 


DATA ACCESS LINES 


DALO-7 


An 8-bit bi-directional three-state bus for CPU 
and DMA controlled data transfers. 


5 


READ ENABLE 


RE* 


The content of the selected register is placed 
on DAL when CS* and RE* are low. 


3 


WRITE ENABLE 


WE* 


The data on the DAL are written into the 
selected register when CS* and WE* are low. 
RE* and WE* must not be low at the same time. 


43 


INTERRUPT REQUEST 


INTR* 


An active low interrupt service request output. 

rlclUlllo lliyil Wllcll lillcllUpi ncyiblcf lo IcaU. 


44-47 


ADDRESS LINES IN 


IA0-IA3 


Four address inputs to the 2840 for CPU con- 

iiuilou icau/wiiic? U|Jcriciiiuiio Willi icyioiCfio iii 

the 2840. If ADRV = 0, these may be tied to 
A0-A3. 


26-41 


ADDRESS LINES OUT 


A0-A15 


Sixteen address outputs from the 2840 for DMA 
operation. If the output control bit ADRV = 1, 
the outputs are TTL driven at all times. If 
ADRV = 0, the outputs are tri-state, and are Hl-Z 
whenever DACK* is high. 


23 


DMA REQUEST OUT 


drqo* 


An active low output signal to initiate CPU bus 
request so the 2840 can output onto the bus. 


24 


DMA REQUEST IN 


drqi* 


An active low output signal to initiate CPU bus 
requests so that data may be input to the 2840. 


25 


DMA ACKNOWLEDGE 


DACK* 


An active low input from the CPU in response to 
DRQO* or DRQI*. DACK* must not be low If 
CS* and RE* are low or if CS* and WE* are low. 


20 


TRANSMIT DATA 


TD 


Transmitted serial data output. 


16 


RECEIVE DATA 


RD 


Receive serial data input. 


19 


TRANSMIT CLOCK 


TO* 


A IX clock input. TD changes on the falling 
edge of TC*. 


17 


RECEIVE CLOCK 


RC* 


This is a IX clock input, and RD is sampled on 
the rising edge of RC*. 


21 


REQUEST-TO-SEND 


RTS* 


An open collector output which goes low when 
the 2840 is ready to transmit either data or flags. 
May be hardwired to ground. 
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PIN 
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niMPTIOM 

runv^ 1 iv^n 


22 


CLEAR-TO-SEND 


CTS* 


An active low input wiiicli signals the 2840 tliat 
transmission may begin. I\^ay be hardwired to 
ground. 


2 


CARRIER DETECT 


CD* 


An active low Input which signals the WD2840 
that a frame may be received. CD* should 
remain active throughout the received frame. 
The modem may negate this signal If its receive 
signal quality Is below a reliability threshold, 
ensuring that the 2840 will not accept the frame. 


1 


DO NOT CONNECT 


DNC 


Leave pin open. 
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FRAME FORMAT 



REGISTER DEFINITION 



^ The frame format tfie 2840 uses to transmit all data 
^ and control frames Is similar to the industry standard 
g HDLC. A 16 bit CRC is implemented and standard 
00 zero insertion is used for framing. This framing 
^ method allows the use of standard network monitor- 
ing and diagnostic equipment such as data scopes 
and logic analyzers. 

Additional address fields and control points are 
defined as required to support the protocol. 

Normal Frame Format: 

F — TC — DA — SA — I — FCS — F 

F = Flag, binary pattern 0111 11 10 

TC = Token Control (8 bit) 

DA = Destination Address (8 bit) 

SA = Source Address (8 bit) 

I = Information Field (0 to 2048 bytes) or 16 

buffers, whichever is less. 
FCS = Frame Check Sequence (16 bit) 

Access Control Format: 

F — DA — AC — FCS — F 

F = Flag, Binary pattern 011 11 110 
DA = Destination Address (8 bit) 
AC = Access Control Field (8 bit) 
FCS = Frame Check Sequence (16 bit) 

Token Pass Format: 

F — TC — FCS — F 

F = Flag, binary pattern Oil 11 110 

TC = Token Control (8 bit) 

FCS = Frame Check Sequence (16 bit) 



The WD2840 is controlled and monitored by 
sixteen 8 bit I/O registers: 



REG (1) 


NAME 


DESCRIPTION 


0 


CRO 


Control Register 0 


1 


CR1 


Control Register 1 


2(2) 


SRO 


Status Register 0 


3(2) 


IRO 


Interrupt Type Register 


4(2) 


SRI 


Status Register 1 


5(2) 


SR2 


Status Register 2 


6(2) 


CTRO 


Counter Register 0 


712\ 
' K^l 


NA 


Next Address 


B 


TA 


ACK Timer 


9 


TD 


Net Dead Timer 


A 


CBPH 


Control Block Pointer (MSByte) 


B 


CBPL 


Control Block Pointer (LSByte) 


C 


NAR 


Next Address, Request 


D 


AHOLT 


Access Hold-Off Limit 


E 


TXLT 


Transmit Limit 


F 


MA 


My Address 



(1) = Hexadecimal representation of IA0-IA3. 

(2) = CPU read only, write not possible. 



Control, status, and interrupt bits will be referred to 
as CR, SR, or IR, respectively, along with two digits. 
For example, SR21 refers to status register #2 and bit 
1, which is "STATE." 



SUMMARY — CONTROL, STATUS, INTERRUPT REGISTERS 











B[T# 








REGISTER 


7 


6 


5 


4 


3 


2 


1 


0 


CRO 


TXDEN 


TXEN 


RXEN 


TOFF 


ILOOP 


COPY 


NOINT 


IS0L(1) 


CR1 (2) 


DIAGC 


PIGT 


INIT 


ADRV 


GIRING 


0 


0 


NEWNA 


CR1 (4) 


DIAGC 


0 


0 


0 


DMAT 


LOOP 


RAMT 


NUDIAG 


SRO 


LASTF 


SENDACK 


L2 


0 


BSZ3 


BSZ2 


BSZ1 


BSZO 


SRI 


TAOUT 


IRTS* 


RECIDL 


0 


0 


0 


0 


0 


SR2 


NXTTO 


NXTRO 


TR 


ACKRQ 


RETRY 


TSENT 


STATE 


INRING 


IRO (2,3) 


ITUR 


IRUR 


INS 


IIRAN 


IREC 


ITOK 


ITA 


ITD/M 



NOTE: Zero bits (0) shown above are reserved and should not be used. 



FOOTNOTES: 

(1) = Is set to 1 on power-up or master reset. 

(2) = Network mode only (CR1 7— DIAGC cleared). 

(3) = Any bit set causes host interrupt (INTR* goes true) 

when Master Interrupt Suppress (CR01) is clear. All bits 
are cleared when register is read by the host. 

(4) = Diagnostic mode only {CR17 — DIAGC set). See 

diagnostic section for register usage in diagnostic 
mode. 
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CONTROL REGISTER 0 DEFINITIONS 



BIT 


NAME 


DESCRIPTION 


CROO 


ISOL 


Isolate. Is set after a master reset. Will get reset when the Control Block and other 
WD2840 registers have been set. When ISOL set, the WD2840 will logically discon- 
nect from the network. 


CR01 


NOINT 


Master Interrupt Suppress. When clear, the 2840 will generate host interrupt requests 
(INTR* low) if any bit in the 2840 interrupt request register (IRO) is set. When set, only 
the interrupt request is suppressed, not the setting of bits in IRO. 


CR02 


COPY 


Enables COPY mode, (a diagnostic.) 


CR03 


ILOOP 


Instructs the 2840 to loop data internally from transmitter to receiver. Used with the 
LOOP diagnostic. Must NOT be set while in network mode. 


CR04 


TOFF 


When set causes 2840 to ignore timers. This is NOT intended to be used In an 
operational network but is provided to support network diagnosis. CAUTION: This 
control bit disables all automatic network error recovery. 


CR05 


RXEN 


Receiver Data Enable — When set allows the receiver to DMA appropriate frames into 
riiciTiory. 


CR06 


TXEN 


Master Transmit Enable — When set allows at least non memory referenced trans- 
missions (e.g. ACK and NAK). Must normally be set when TXDEN is set. 


CR07 


TXDEN 


Transmit Data Enable — When set allows transmitter to DMA information from 
memory and transmit It when access rights (token) are received. 



CONTROL REGISTER 1 DEFINITIONS (NETWORK MODE) 



BIT 


NAME 


DESCRIPTION 


CR10 


NEWNA 


Update NA register. When set causes 2840 to copy the contents of register NAR into 
register NA. The 2840 clears this bit after the function is complete. 


CR11 




(Not used, Resen/ed.) 


CR12 




(Not used. Reserved.) 


CR13 


GIRING 


Get in logical ring. Instructs the 2840 to gain entry into the logical ring at the next 
opportunity (i.e. respond to a token pass). 


CR14 


ADRV 


Address Driver Enable. Enables the sixteen output address (A0-A15). If ADRV = 0, the 
outputs are tri-state and are in H\-Z, except when DACK* is low. If ADRV = 1, the 
outputs are always TTL levels. 


CR15 


INIT 


Network Initialization Enable. When set, TD timer expiration causes the WD2840 to 
enter SCAN mode. 


CR16 


PIGT 


Piggy Back Token. If set, instructs the WD2840 to piggy back token on last frame 
transmitted. 


CR17 


DIAGC 


Enables diagnostic mode. In network mode this bit should be zero. 


CONTROL REGISTER 1 DEFINITIONS (DIAGNOSTIC MODE) 


BIT 


NAME 


DESCRIPTION 


CR10 


NUDIAG 


Perform a new diagnostic. When set causes 2840 to perform one of the four 
diagnostics. The host initializes the appropriate registers for the particular diagnostic 
and by setting this bit can initiate the test. The 2840 clears this bit after completion of 
the diagnostic. 


CR11 


RAMT 


Selects internal RAM test when in diagnostic mode. 


CR12 


LOOP 


Selects Loop Test if in diagnostic mode. 


CR13 


DMAT 


Selects DMA Test if in diagnostic mode. 


CR14 




(Not used, Reserved.) 


CR15 




(Not used, Resented.) 


CR16 




(Not used, Reserved.) 


CR17 


DIAGC 


Enables diagnostic mode. 
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STATUS REGISTER DEFINITION 



BIT 


NAME 


DESCRIPTION 


SR03 


BSZ3 


Ri if f or QiTo mnltinl^c r\i civtv-fmir hv/t^^Q /thp miiltinlp r^innpQ frnm 0 to 1*^ mpPininn 

buffers are 64 to 1024 bytes). 


SR04 




Not used. 


SR05 


L2 


An internal flag set during frame transmission If the length value of the current frame 
Is equal to eight. 


SR06 


SENDACK 


An internal flag set during data frame reception to indicate that the incoming frame 
should be acknowledged (send ack/nak frame). This flag is cleared when the 
acknowledgement has been transmitted. 


SR07 


LASTF 


An internal flag set during data frame transmission to indicate that the current frame 
will be the last to be transmitted during this access period. 


SR10- 


— 


(Not used, Resen/ed.) 


CDiyI 






on 10 




Receiver Idle. 


SR16 


IRTS* 


Internal Request To Send. Indicates the transmitter is attempting (successful or not) 
TO sena eiiner oaia or nags, it Tiie n i o pin is noT Tiea to grouna or vvinc-uncu wiin 
anothersignal, then IRTS* = RTS. 


SR17 


TAOUT 


Timer TA expired. 


SR20 


INRING 


In logical ring. Indicates the node has had the token and has successfully passed it at 
least once (therefore it is included in a logical ring of at least two nodes). 


SR21 


STATE 


Mode confirmation. Depending on DIAGC (CR17), the 2840 is either in Isolate or 
Diagnostic state. When ISOL (CROO) is set, STATE set confirms the 2840 is not in 
Network State. When ISOL is clear, STATE clear confirms Network State. 


SR22 


TSENT 


An internal flag. TSENT is set when the 2840 passes the token. It may have been 
either a piggyback or explicit token pass frame. TSENT is cleared when the next 

licllllc lo IcO^IVc/U. 


SR23 


RETRY 


An internal flag which is set when either a data frame or a token pass frame must be 

loll oil lol 1 11 LLoU. 


SR24 


ACKRQ 


An internal flag set during data frame transmission if an acknowledgement is 
requested for the specific frame. 


SR25 


TR 


An Internal flag set when the 2840 receives a token passed to it. It is cleared when the 
token is passed (or if it is ignored for any reason). 


SR26 


NXTRO 


Internal Receive Buffer Pointer State. When set it indicates the 2840 has the address 
of the next buffer and that all prior frames (denoted by posted FSB's) can be removed 
from the chain for received frame processing by the host. When NXTRO is clear it 
indicates that the 2840 has advanced to a zero link (end of chain). 


SR27 


NXTTO 


Internal Transmit Buffer Pointer State. When NXTTO is set it indicates that the 2840 
has the address of the next frame to transmit in its internal register. However when 
clear, it indicates that the transmit chain internal register points to the link field of the 
last buffer of the last transmitted frame. 



INTERRUPT REGISTER DEFINITION 



The setting of any bit in this register by the 2840 causes an interrupt (INTR = true). The reading of this register 
clears all bits. 



BIT 


NAME 


DESCRIPTION (1) 


IROO 
IR01 

IR02 


ITD/M 
ITA 

ITOK 


Network dead. Timer TD expired. 

Data Frame Transmission unsuccessful. NAK or no response after two tries. Exact 
cause is determined by reading appropriate FSB. 

The token has been received. 
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BIT 


NAME 


DESCRIPTION 


IR03 


IREC 


Indicates data frame(s) have been received with address destined for this 2840. 


IR04 


ITRAN 


Indicates data frames have been transmitted. The number of frames transmitted and 
the status of each (e.g. ACK/NAK Retry Count) is determined by following the trans- 
mit chain and interrogating the FSB's. 


IR05 


INS 


New successor. The 2840 has identified a new successor in the logical ring. 


IR06 


IROR 


Receiver over-run. 


IR07 


ITUR 


Transmitter under-run. 



;1] = Nondiagnostic mode only. 



DIAGNOSTIC MODES 

The WD2840 has been designed to support (3) three 
levels of diagnostics. These levels shown in the 
diagram can be used separately or together to per- 
form such varied tasks as receiving inspection to 
network fault isolation. As is shown in the diagram, 
each level is actually composed of modules which 
test particular areas of each level. 



NETWORK LEVEL 

DUPLICATE STATION DETECTION 
COPY MODE 
NAK RESPONSE 



SYSTEM LEVEL 

• DMA TEST 

• LOOP-BACK TEST 



DEVICE LEVEL 

INTERNAL RAM TEST 
INTERRUPT TEST 



LEVELS 



LEVEL 2 



LEVEL 1 



Diagnostic Mode Control 



CROO 
ISOL 



CR17 
DIAGC 



SR21 
STATE 



MEANING 



2840 "Isolated." Power up 
condition or isolate request. 
2840 active. 

Isolate request function 
confirmed. 

Host request to enter 
diagnostic mode. 
Diagnostic mode confirmed. 
Diagnostic functions of CR1 
apply. 

Illegal 
Illegal 
Illegal 



Once in diagnostic mode, the desired test is selected 
via CR1. Specific tests, and expected results, are 
described below. 



LEVEL 1, DEVICE SELF-TESTING 

There are two self-test features: 1) Internal Ram Test, 
and 2) Interrupt Test. Both tests are suitable for 
manufacturing testing and user incoming inspection 
testing. 

These self tests may be instigated by the user 
anytime the 2840 is in diagnostic mode. This mode 
may be entered after power-up or from network mode 
by manipulation of the mode control bits. The mode 
transition is confirmed by the 2840 via the DIAG 
status bit. 



Internal RAM Test 

There are eleven eight bit registers in the 2840 which 
are not directly accessable by the users CPU. This 
test provides a means to check those registers. The 
contents of register A are placed in six even internal 
registers, and the contents of register B in five odd 
internal registers. The eleven registers are then 
added together without carry and the result is placed 
in registers 2, 5, 6, 7. 

Use the following procedure to Initiate the RAM test: 

1. Enter diagnostic mode. 

2. Set up registers A and B 

3. Set RAMT. 

4. SetCRIO 

5. Wait for CR10 to be cleared. 

6. Read registers 2, 5, 6 and 7. 

7. Clear RAMT 
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Interrupt Test 

^ This test is to validate the correct operation of the in- 
^ terrupt sul>system. This test reads value of registers 
^ 8 through F and it compares the lower half (bits 3-1) of 
g each register to the upper half (bits 7-5) of the same 
§ register. If the comparison fails an interrupt bit is set. 

Interrupt bits IRCX) to IR07 correspond to comparison 

test of registers to F respectively. 

LEVEL 2. SYSTEM DIAGNOSTICS 
DMA Test 

This test verifies proper operation of the DMA sub- 
system by reading the value from a register and 
writing it into the user memory. Then reading the 
value from the same location and writing it into 
another register. 

The value is read from register C. Using the transmit- 
ter DMA sul>system, it is written into memory 
location addressed by the register A and B (location 
N). The receiver DMA sub-system is used and con- 
tents of the same address is read and it is stored into 
the register 7. Next the receiver DMA is used and the 
contents from register D is written into location 
N-t-1. The transmitter DMA reads the value from 
location N -f- 1 and stores it into register 6. 

It is the host responsibility to check if the contents of 
registers C and register 7 and memory location N 
match. The same is true for registers D and 6 and 
memory location N -f- 1. 

Loop Back Test 

The 2840 is able to tests its parallel to serial and 
serial to parallel converters, CRC, and framing logic 
by sending a known pattern to itself and verifying its 
correct reception. The pattern is looped internally to 
the device if ILOOP (CR03) = 1, or may be looped 
externally (with outside logic) if ILOOP (CR03) = 0. 

The following procedure should be followed in order 
to run the loop-back test: 

1. Enter diagnostic mode. 

2. Set up register A and B to point to a buffer that is 
initialized with a pattern for transmission. 

3. Set up register C and D to point to a buffer to 
receive the frame. (It is a good practice to initialize 
this buffer with all '00' or all 'FF' value bytes.) 

4. Set up the buffer size in bits 3-0 of register E. 
(NOTE: In this test the last two bytes of the buffer 
will not be transmitted.) 

5. Set ILOOP bit (CR03). (This Is optional, if internal 
loop-t)ack test is desired.) 

6. Set LOOP bit (CR1 2). 

7. SetCRIO. 

8. Wait forCRIO to be cleared. 

9. Compare the two buffers to verify correct 
reception of the frame. 

LEVEL 3. NETWORK DIAGNOSTIC 



Duplicate Station Detection 

Duplicate stations (more than one station with the 
same address) can result from the faulty program- 
ming of internal register MA (due to wrong address 
switch settings on the user's device, for example). 
This is expected to occur often enough to warrant the 
addition of a detection algorithm in the users 2840 
initialization procedure. 

After initializing all required parameters, the user 
places the 2840 in network mode (by setting ISOL 
false). The 2840 monitors all frames on the network. If 
one is observed as having been transmitted by it's 
address (source address of the frame equals the 
value in register MA), an event counter is in- 
cremented. 

The user should monitor the SA-MA event counter at 
least long enough for the token to have circulated all 
the way around the access ring (time is configuration 
dependent) before enabling the 2840's transmitter. 

It is useful to note that this constraint requiring each 
node which is participating in the network logical 
ring to have a unique address does not extend to 
nodes which are "listening" but not "in the ring." It 
might be useful to a network designer to have groups 
of receive only nodes which have the same node ad- 
dress but do not participate in the network token 
passing (see GIRING — CR13). Data frames transmit- 
ted to such clusters must not request acknowledge- 
ment since all nodes in the cluster would simultane- 
ously respond. 

Copy Mode 

The COPY Mode is selected by setting the COPY 
control bit (CR02). Normally the 2840 receives (DMA's 
into the receive buffer chain) data frames only if they 
contain the general broadcast destination address or 
if they are specifically addressed to the 2840. This oc- 
curs when the frame's destination address (DA) 
matches the 2840 node address in register MA (set by 
the host). 

However, when COPY mode is selected data frames 
which are specifically addressed to other nodes will 
be treated as broadcast frames by this node. The 
COPY mode allows a specific node to "evesdrop" on 
data frame traffic on the network. 

NAK Response 

The 2840 sends negative acknowledgements (NAK's) 
on response to received frames under several cir- 
cumstances. The NAK prevents the transmitting 
node from wasting bandwidth retrying indis- 
criminately, and further, lends visability to individual 
network node problems. The NAK includes a reason 
code which is available to the transmitter's software 
(viatheTFSB). 

Each data frame to be transmitted can be specifically 
marked (via the FSB) by the host to require an 
ACK/NAK response from the receiving 2840. In the 
absence of errors, an Acknowledge (ACK) frame will 
be returned to the transmitter as confirmation. 
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However, several circumstances cause a Negative 
Acknowledge (NAK) to be returned: 

1. Insufficient buffer space 

2. Receiver not enabled (RXEN — CR05 cleared) 

3. Receiver overrun 

4. Frame exceeded 16 buffers in length 

2.0 INTERFACES 

There are two Interfaces to the 2840: the host 
computer side, and the network side. The network 
side Is conventional from an electrical point of view, 
the 2840 performs all logical functions required to 
ensure communications capability on broadcast 
media (such as coax or RF). 

The host interface involves two separate functional 
interfaces: the status/control registers described in 
section one, and a DMA interface that is described in 
the next subsection. 

2.1 HOST 

The 2840 uses a complex memory buffer architecture 
allowing it to respond in real time to its network 
obligations (e.g., to meet network data rate and pro- 
cessing delay requirements). These memory struc- 
tures are managed cooperatively by the host and the 
2840. 

Memory management functions requiring real time 
response (e.g. traversing chains) are completely 
handled by the 2840. Other important, but not time 
critical operations are the responsibility of the host 
software (such as removing used buffers from the 
transmit chain). 

All memory references by the 2840 are pointed to by 
memory locations (and internal registers) initially 
defined and set up by software. Initial values and 
memory based registers are grouped together and 
called the 2840 Control Block. 

The location of this control block is written into the 
registers CBPH and CBPL anytime the 2840 is in 
Isolate State. This control block has the following 
structure: 



CBP-* +0 


NXTR(H) 


Receive Buffer Chain 




(MSByte) 


+ ^ 


NSTR (L) 


Receive Buffer Chain 




(LSByte) 


+ 2 


NXTT(H) 


Transmit Buffer Chain 






(MSByte) 


+ 3 


NXTT(L) 


Transmit Buffer Chain 




(LSByte) 


+ A 


BSIZE 


Buffer Size/ 16 






(0-F = 64-1024 bytes) 


+ 5 


EVTO 


Eleven separate Event 


-1-6 


EVT1 


Counters. 


+ F 


* * * 

EVT10 





As the 2840 transitions to Network State, it reads and 
uses the first five bytes of the control block. The 



remaining eleven bytes of event counters are ac- 
cessed by the 2840 only when each specific event 
condition occurs. 

Either the Receive (NXTR) or Transmit (NXTT) chain 
entries in the control block may initially be zero; in 
such a case the 2840 expects the chain to be ex- 
tended by the host's changing the zero link field in 
the control block. Thereafter any such zero link would 
be in a buffer. 

The 2840 uses consistant size buffers, their length is 
set by the value in location BSIZE. The buffer size is 
indicated by a 4-bit count in the least significant 4 
bits of the BSIZE byte in the 2840 control block. The 
buffer sizes available are multiples of 64; BSIZE value 
64 is the buffer size used by the 2840. Thus a BSIZE 
range of 0-15 corresponds to actual buffer sizes of 64 
through 1024 bytes. This buffer length is inclusive of 
control bytes and buffer link pointers. 

The 2840 includes a chained-block feature which 
allows the user more efficient use of memory, par- 
ticularly in situations where the maximum packet 
size is much larger than the average packet size. One 
or up to 16 buffers may make up a frame but only one 
frame is allowed per buffer. 

Byte counters are associated with each frame (at the 
memory interface, not actually transmitted within the 
frame) so that frames on the network need not be in- 
teger multiples of buffers. The byte counters include 
all buffer management overhead. Therefore, a frame 
consists of 100 transmitted bytes, occupying two 64 
byte buffers, would have a byte count of 108. 

Since the 2840 receive and transmit buffer chains are 
linked lists and are "followed" by the 2840 but 
managed by the host; it is expected that the host will 
maintain both a FIRST and a LAST address for each 
chain. On transition into Network State, the chain 
origin information in the 2840 control block is the 
same as FIRST. In fact, since the 2840 does not 
change these control block entries, they can be main- 
tained directly as FIRST by the host. An explicit LAST 
could be placed in an extended control block section. 

The 2840 "follows" the linked buffer chains by 
maintaining a NEXT address internally for each 
chain. This NEXT address can be in one of two 
states: 1) it can be the address of the next buffer in 
the chain, or 2) at the chain end (zero link), it can be 
the address of the buffer containing the zero link. The 
2840 uses a status bit for each chain; NXTRO 
(receive) and NXTTO (transmit). When set they in- 
dicate the 2840 chain NEXT address is in state 1 
above; when clear they indicate state 2 above. This is 
an IMPORTANT distinction since it indicates whether 
the last buffer posted in a chain can be removed by 
the host (because the 2840 has advanced to the 
buffer beyond) or must be left until the chain can be 
extended so the 2840 can advance. 

The host software monitors the progress of the NEXT 
pointer, and updates FIRST and LAST as it adds (and 
removes) buffers to (from) the chains as required. The 
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2840 provides Interrupt Events (see IRO) and NXTRO, 
NXTTO status bits to indicate when it advances 

< along the t^o chains and exactly what state its NEXT 

O address registers are in. 

lO 

^ "Deadly Embrace" Prevention 

A "Deadly Embrace" can occur when two processors 
reach a state here each is waiting for the other. In this 
case, the two processors are the user's CPU and the 
micro-controller inside the 2840. Therefore, to pre- 
vent the "deadly embrace," the following rule Is 
obeyed by the 2840 and should also be obeyed by the 
user's CPU. This rule applies to the 2840 memory 
registers and to the I/O registers. The Error Counters 
are an exception to this rule. 

RULE: 

If a bit is set by the CPU, it will not be set by the 2840, 
and vice versa. If a bit is cleared by the 2840, it will 
not be cleared by the CPU, and vice versa. 



As an example, the NEWNA (CR10) control bit is only 
set by the host and is only cleared by the 2840. 

Dual DMA 

The 2840 may, for efficiency, interleave frame data 
fetch/store operations with fetches and stores of 
pointers and flags in memory. In all cases, operation 
sequencing is such as to prevent deadlocks and 
ambiguities between the 2840 and software. 

Event Counters 

Several non-fatal logical events are tabulated by the 
2840 and made visible to the host via memory based 
event counters The 2840 will increment each counter 
at the occurence of the specified event. However, the 
2840 will not increment past 255 (all 1's). The host has 
the responsibility of clearing each counter. 



COUNTER 


DESCRIPTION 


EVTO 


"Set scan mode" frame received from the network. The NA register was redefined to 
MA -1- 1 at the time. 


EVT1 


Transmission error first attempt, second try successful. Can only occur for frames 
requiring an acknowledgement. It indicates no response was received for the first trans- 
mission; however, the second transmission was either ACK'ed or NAK'ed. 


EVT2 


Transmission error. Attempt aborted due to either transmitter underrun or frame length 
exceeded 16 buffers. 


EVT3 


Timer TD (network dead) expired. 


EVT4 


Access Control Frame Reception Error. A one or two byte supervisory frame (ACK/NAK, 
Token Pass, Scan Mode) has been received in error. This may be due to an PCS error, frame 
abort, or carrier lost detection. 


EVT5 


Data Frame Reception Error. An incoming data frame was incorrectly received due to an 
PCS error, frame abort, or carrier lost detection. 


EVT6 


NAK sent. Can occur for any of the following reasons: 

1. Insufficient buffers in chain 

2. Receiver not enabled (RXEN clear) 

3. Receiver overrun 

4. Frame length exceeded 16 buffers 


EVT7 


Invalid frame received. Caused by the detection of certain abnormal network conditions 
such as receiving an ACK/NAK frame when not expecting one, receiving a Scan mode 
frame when expecting an ACK/NAK frame, or receiving an invalid supervisory frame. 


EVT8 


Duplicate token detected. This counter will be incremented when the 2840 determines that 
more than one token exists in the network logical ring. This happens if a token pass is 
received when the 2840 already has the token, or a data frame is received when the 2840 is 
waiting for an acknowledgement frame. 


EVT9 


Diagnostic state pass count. Counted each time the 2840 begins to execute the selected 

set of diagnostics. 


EVT10 


Duplicate node address. This counter will be incremented when a data frame being 
DMA'ed into memory has a source address (SA) equal to the 2840 node address (MA). This 
counter when used with COPY mode (CR02) is useful for detecting other nodes with the 
same node number (MA). 
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PRELIMINARY TIMING SPECIFICATIONS 



SYMBOL 


PARAMETER 


MIN. 
(NS) 


MAX. 
(NS) 


COMMENT 


Tar 


Input Address Valid to RE 


0 






Trd 


Read Strobe (or DACK Read) 
to Data Valid 




200 
375 


C (DAL) = 50 pf 
C(DAL) = lOOpf 


thd 


Data Hold Time from Read Strobe 




80 






Address Hold Time from Read Strobe 


80 






Taw 


Input Address Valid to Trailing Edge of WE 


200 






Tww 


Minimum We Pulse 


200 






Tdw 


Data Valid to Trailing edge of WE or 
Trailing Edge of DACK for DMA In 


100 






tahw 


Address Hold Time after WE 


oO 






tdhw 


Data Hold Time after WE or after 
UAUi\ or UMA in 


oU 






TDA1 


Time from DRQO (or DRQI) to Output 
Aaoress vaiia IT AUHV = i 




QA 


U(AUUnboo) = lUO pT 


tdao 


Time from DACK to Output Address 
Valid if ADRV = 0 




360 


C (ADDRESS) = lOOpf 


Tdd 


Time from Leading Edge of DACK to 
Trailing Edge of DRQO (or DRQI) 




200 


C(DRQ) = 50pf 


tdah 


Output Address Hold Time from DACK 




120 




' UMW 


Datfl Hnlri Tim«» fmm DArik fnr nMA R^arl 




OU 




TRP1 


REPLY Response (Leading Edge) 




160 
240 


Cload = 50 pf 
Cload = ioopf 


TrP2 


REPLY Response (Trailing Edge) 




200 
260 


Cload = 50 pf 
Cload = 100 pf 



IA0 IA3 



X 



»^ Trpi \^ 



1 



CPU READ (CSISLOW) 



X 



X 



> 



— J Trpi — 



H— TrP2 



CPU WRITE (CS is LOW) 
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i 

-♦J Tdai »j TDAoj*— 



> 



A0A15 
(ADRV = 1) 



i«— Trd— J 



<: 



y 



DMA OUT 



(A0-A15 SAME AS DMA OUT) 



Too— *| 



DATA VALID ^ 



DMA IN 



INDEX 
DOT 



/ 



UUL-IULJUUUULJULJUUUUULJUU 



0.600 
±0.010 



2.400 REF — 



i_ 

0.040 
MIN 



0.115 MAX 



mmmmmwmU rf=i 



JL 



0.100 TYP 



1 



0.155 ±0.010 



^ 0° + 15" 
-0° 



WD2840 CERAMIC PACKAGE 

See page 725 for ordering information. 



Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for its use; nor for any Infringements of patents or other rights of third parties which may result from Its use. No license Is granted by 
implication or othierwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 

specifications at anytime without notice. 
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Printed m USA 



WESTERN DIGITAL 

CORPORATION 

WDK25001 PACKIT 



FEATURES 

• X.25 (WD2501 OR WD2511) NETWORK 
CONTROLLER 

• BAUD RATE GENERATOR 

• RS-423 INTERFACE 

• 8 SOCKETS FOR OPTIONAL USER RAM, ROM, 
EPROM 

• WIRE-WRAP HOST INTERFACE AREA 

• I NTERNAL DATA RATE TO 64 KBPS 

• + 5°C TO + SOX OPERATION 

GENERAL DESCRIPTION 

The Western Digital WDK25001 PACKIT is a precon- 
figured breadboard designed to be an instant 
development tool for the implementation of bit- 
oriented, full duplex, serial X.25 data communication 
systems. Most of the hardware interfacing (Level 1/2 
interfacing) is already done on the board. Level 2/3 
interfacing is described in the long form specifica- 
tion. To perform Link Control (Level 2) functions, the 
PACKIT utilizes the Western Digital LSI Packet 
Network Interface Device. Two versions of the LSI 
Packet Network Interface Device are available for use 
with the PACKIT: the WD2501 and the WD2511. The 
WD2501 LSI device handles the LAP (Link Access 
Procedure). The WD2511 LSI device handles LAPB 
(Link Access Procedure Balanced). 

The PACKIT is composed of two major physical 
areas. One side of the printed circuit board contains 
the factory installed circuitry required to perform X.25 
Link Level operations: the other side of the circuit 
board contains the wire-wrapping area for user Im- 
plementation of the individual system design. 

The wire-wrapping area of the circuit board is 
designed to accommodate any industrial standard IC 
package. IC width is defined in 0.15 inch increments, 
with IC pin separation of 0.1 Inch. The wire-wrap area 
is large enough to permit the installation of ap- 
proximately one hundred 16-pin IC's. 



ORGANIZATION 

The WDK25001 "PACKIT", is composed of two major 
physical areas. The printed circuit area contains 
factory installed circuitry which handles the Packet 
Network Interface device, programmable bit rate 
generator, memory address decoder, and the EIA RS- 
423 interface. The wire-wrap area is set up to allow 
the user to design and implement their own host 
interface and or level 3 and higher modules. 

INTERFACES 

The PACKIT interfacing (Level 1/2) Is divided into two 
classifications: the user interface and the serial 
communications interface. 

USER INTERFACE 
Voltage Levels: 
TTL 

Architecture: 

Microprocessor interface oriented. 16 Address lines, 
8 data lines, 10 control lines. 

SERIAL COMMUNICATIONS 
INTERFACE 

Electrical Characteristics: 

RS423 
Mode: 

Synchronous, Bit stuffing oriented, full-duplex, X.25 
Asynchronous Response Mode (WD2501) or X.25 
Asynchronous Balanced Mode (WD2511). 

Clock Rates: 

Independent transmit and receive clocks. Either 
internal or external clock source, selected by jumper 
strapping. Internal clock rates selectable by DIP 
switches or under user program control via the User 
Interface. 
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ELECTRICAL SPECIFICATIONS 

Voltage Requirements: 

+ 5v, +/- 5% 
+ 12v, +/- 5% 
-5v, +/- 5% 

Maximum Voltage Ripple: 

100mv, PIP 

Factory-Installed Circuitry Power Requirements: 

+ 5v @ .76A (max.) 

(No memory device) + 12v @ .20A(max.) 
- 5v @ .04A (max.) 

MEMORY SPECIFICATIONS 

Maximum Size Allowable: 

64Kx8. 

Memory Type: 

8-bit wide RAM, ROM, EPROM 

Package Type: 
24-pin or 2&-pin 

ENVIRONMENTAL SPECIFICATIONS 

Operating Temperatures: 

+ 5 to + 50 °C (Maximum temperature is reduced by 
1.8 degree centigrade per 1000 meters altitude above 

sea level.) 

Relative Humidity: 

10 to 95%, maximum wet bulb of 32 degrees Cen- 
tigrade and a minimum dew-point of 2 degrees 
Centigrade (90 degrees and 36 degrees Farenlieit, 

respectively.) 



PHYSICAL DIMENSIONS 
Size: 

Single printed circuit board, 8 inciies by 14 inches 
(203.2 by 355.6mm) 

Weight: 

2 Pounds (0.907Kg). 

THE LSI PACKIT NETWORK INTERFACE DEVICE 

The Packit Interface Device is a 48-pin, n-channel 
silicon-gate, MOS chip designed to perform CCITT 
X.25 Level 2 (link control), with selected enhance- 
ments. In addition to the link control functions 
required by X.25, the Device eliminates the need for 
separate DMA circuits, timing chips, and the system 
software previously required to perform the link 
control between a data terminal equipment (DTE) and 
a data circuit-terminating equipment (DOE). 

The WD2501/WD2511 interfaces directly with the on- 
board memory (when installed) or with the user's 
memory data and address lines. The WD2501/ 
WD2511 is control led th rough n ine user interface 
l ines: M aster Reset (MR), REPLY , DMA Request Out 
( DRQO ), DMA Request In ( DRQI) , DMA Acknowledge 
(DACK), Interrugt Request (INTR), Write Enable (WE), 
Read Enable (RE), and Chip Select (OS). 

Additionally, the WD2501/WD251 1 is driven by the 1 
MHz system oiock. 

THE PROGRAMMABLE BIT RATE GENERATOR 

Circuit board IC location U3 contains a Western 
Digital BR1941 Programmable Bit Rate Clock. This n- 
channel MOS silicon-gate device is capable of 
generating sixteen externally selected clock rates, 
where-of six are standard rates. 

The bit rate for both transmit and receive frequencies 
may be selected independently through the on-board 
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DIP switch, S1, or through the user's program via the 
TA, TB, TC, TD, RA, RB, RC, and RD user interface 
control lines. 

To further increase PACKIT flexibility, the bit rate 
generator is installed in an IC socket to enable easy 
removal for specialized user bit rates not conforming 
to those available from the BR1941 , 

PACKIT MEMORY 

Located on each PACKIT printed circuit board are 
eight 28-pin IC sockets designed for optional user- 
installed RAM, ROM, or EPROM memory chips. 
These sockets present the user with the option of 
either using the system memory or off-loading the 
PACKIT memory functions to on-board memory of 
the user's choice. Once the optional memory is in- 
stalled it may be accessed by both the user's 
computer and by the WD2501A/\/D2511 Network 
Interface Device via DMA. 

NOTE: 

All memory devices installed on the PACKIT board 
must be 8-bit wide devices. Total memory installed 
must not exceed 64K-bytes. 

The design of the memory sockets permits the user a 
wide range of RAM, ROM, and EPROM seiectability. 
Memories such as the 4802 (2K x 8 RAM), 4118 (1 K x 8 
RAM), and the 2716 (2K x 8 EPROM), allow the user to 
select the type, capacity, and expense of memory 
desired for each individual application. 

Also, the design of the sockets provides for the use 
of either 28-pin or 24-pin memory circuits. If a 24-pin 
circuit is to be installed, the chip is simply inserted in 
a manner that places pin 1 of the memory chip in IC 
socket position 3. Polarization of the sockets is in- 
dicated by a white dot, on the PC board, adjacent to 
both Pin 1 and Pin 3 of the socket. 

When calculating the size of on-board memory, for a 
particular application, it is imperative that the user 
remember that the on-board memory must be large 
enough to contain five major arrays. 

1 . The data to be transmitted, 

2. The data received, 

3. The transmit-data look-up table (TLOOK), 

4. The receive-data look-up table (RLOOK), 

5. The PACKIT error counters. 

For a detailed description of the use of memory by 
the Packit Network Interface Device, refer to the 
WD2501/WD2511 Long Form Specification. 

Industrial standard memory types like 4118 or 4801 
(1 K X 8), 4802 or 2716 (2K x 8), and 37000 or 2764 (8K x 
8) can be used in the PACKIT. 



THE EIA RS-423 INTERFACE 

The communications link between the Western 
Digital PACKIT and the Data Communications < 
Equipment (DOE) is provided through the EIA RS-423 D 
interface. This interface contains a subset of the ^ 
RS449 signals. The interface signals are supplied to a 
40-pin ribbon cable connector. Each of the RS-449 Q 
signals are buffered by 26LS29-type RS-423 line 2 
drivers and 26LS32 RS-423 line receivers. -g 
If RS-232-C interfacing is desired, instead of RS449 > 
interfacing, the ribbon connector may be jumpered to O 
provide RS-232-C signal compatability. However, due 5 
to differences in signal voltage levels, certain H 
precautions must be taken when converting to RS- 
232-C Interfacing. 

BIT RATE GENERATOR — PROGRAMMING AND 
STRAPPING 

The Western Digital BR1941 Bit Rate Generator, on 
board the PACKIT, may be programmed for receive 
and transmit bit rate, by on-board switch setting or by 
program command from the user circuitry. The 
selection between these two options is controlled by 
the SI switchpack. To use program control all 
switches of SI must be in the "OFF" position 
othenwise the bit rate is the "wired-and" of the 
program control and the setting of the switches. 
Transmit and receive bit rates are independently 
selected. 

Program control of the bit rate, when enabled, is 
received by the PACKIT via the TA, TB, TC, and TD 
jumper pads, for the transmit bit rate, and via the RA, 
RB, RC, and RD jumper pads, for the receive bit rate. 
(Each of these control lines is tied to + 5v via a 2.2K 
resistor pull-up.) 

THE PACKIT USER INTERFACE 

The Western Digital PACKIT user interface defines all 
of the signals available to the user. These signals 
include: the microprocessor oriented address, data, 
and control lines, the RS-423 communications in- 
terface signals, the programmable bit rate generator 
control lines and on-board strapping. 

USER INTERFACE SIGNALS 

The user designed circuitry interfaces with the 
PACKIT through the interface signal jumper pads 
located at the center of the PACKIT PC board. The 
signals are listed in the table on following page. 
Signals are defined as "IN", "OUT", or "Bl", to denote 
input from or output to the user Interface, or bidirec- 
tionality, respectively. RS-449 mnemonics are pre- 
sented in parenthesis. 
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USER INTERFACE SIGNALS 



OIUrlML INMIVIC 


uin 




A0-A15 


Bl 


The sixteen memory address lines. These lines may be connected to the user's 
memory address bus or to the PACKIT on-board optional memory chips, when 
installed. These lines also carry the memory address outputs of the Packit Net- 
work Interface Device for DMA operations. 


D0-D7 


Bl 


The eight bit data lines used to transmit and receive byte-oriented data between 
the interface chip and the user circuitry. These lines also carry data between the 
WD2501/WD251 1 and the optional on-board memory (when installed). 


TMI (TM) 


OUT 


Test mode Indication. Signal returned from the RS-423 communications in- 
terface indicating that the local DOE Is in the test mode. This signal is pro- 
pagated to the user interface. 


RDYREC(RR) 


OUT 


Ready to receive. Signal retumed from the RS-423 communications interface 
indicating that the communications link is ready to receive data. This signal is 
propagated to the user interface. 


DACK 


IN 


DMA Acknowledge. Ihe CPU signal generated in response to the 
WD2501/WD2511 transmitted DRQO or DRQI DMA request signals. An active 
low, sent to the PACKIT, on this line informs the PACKIT that the DMA request 
is acknowledged and the CPU has relinquished control of the system bus. 


DRQI 


OUT 


DMA Request IN. The WD2501/WD2511 requests a DMA bus access. A DRQI is 
a request for a transmission of data FROM the memory TO the 
WD2501/WD2511. This signal is active low. 


drQo 


OUT 


DMA Request OUT. The WD2501/WD2511 Initiated signal requesting access for 
a DMA data transfer. The DRQO signal requests a DMA cycle to enable transfer 
of data FROM the WD2501/WD251 1 TO the memory. This signal is active low. 


MR 


OUT 


Master Reset. The master reset, generated by the on-board RESET momentary 
closure switch, clears all of the WD2501A/\/D2511 control and status registers, 
with the exception of two internal control bits (refer to the WD250iyWD251 1 
Long Form Data Sheet, sheet 2). This signal is active low. 


INTR 


OUT 


Interrupt Request. The WD2501/WD2511 issues INTR to request an inten'upt. 
This signal is active low. 


CS 


IN 


Chip Select. CS is driven low, by the user's circuitry to enable the 
WD2501/WD251 1 for programmed I/O read or write operations. C5 may be 
permanently activated by jumpering pad location S11 to ground. 


DATA MODE 
(DM) 


OUT 


The DATA MODE signal is returned from the communications link, over the RS- 
423 interface, to Inform tfie PACKIT that the data link is in the data mode. 


REPLY 


OUT 


Reply. An actjye low signal, generated by the WD2501/WD251 1 to indicate that it 
is selected (CS is low) and it is either read enabled (RE is low) or it is write 
enabled (WE is low). 


MWE 


IN 


An active low signal generated by the user's system to enable the PACKIT on- 
board memory chips for a memory-write operation. Not applicable on 24-pin 
memories. All 24-pin memories are enabled through the J2-0 through J2-7 in- 
terface signal lines. This signal is connected to pin 27 of all 28-pin memories. 


J2-0toJ2-7 


IN 


User activated signal lines to individually enable each of the PACKIT on-board 
memory sockets. Each active low signal enables the Write Enable (WE) input of 
the respective memory socket where: 

J2-0 write-enables memoi7 socket U13 
J2-1 write-enables memory socket U14 
J2-2 write-enables memory socket U15 
J2-3 write-enables memory socket U16 
J24 write-enables memory socket U17 
J2-5 write-enables memory socket U18 
J2-6 write-enables memory socket U19 
J2-7 write-enables memory socket U20 

Each signal is connected to Pin 23 of the corresponding memory socket. 
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CONTINUED USER INTERFACE SIGNALS 



SIGNAL NAME 


DIR 


SIGNAL DEFINITION 


TA,TB,TC,TD 


IN 


These four inputs combined select the Transmit bit rate to be generated by the 
Western Digital BR1941 Programmable Bit Rate Clock. The values presented to 
the bit rate clock generator, over these lines, may be determined either by the 
user program or by on-board switch setting, as determined by switch-pack 81. 


REMOTE LOOP 
TEST(RL) 


IN 


When activated, the REMOTE LOOP TEST line forces the communications link 
into a diagnostic test. Data is transferred from the memory, to the com- 
munications link, to the remote DOE, and back to the PACKIT for verification. 


TERM RDY(rR) 


IN 


Terminal Ready. Input line to the PACKIT, from the user circuitry, informing the 
DCE that the PACKIT is ready to set-up the communications link. 

This signal is optionally generated, on a permanent basis, by the PACKIT when 
jumper 81 2 is connected to ground. 


LOCAL LOOP 
TEST(LL) 


IN 


The LOCAL LOOP TEST performs a diagnostic operation similar to that of the 
REMOTE LOOP TEST with the exception that the data being tested is trans- 
mitted to the local DCE and then returned to the PACKIT for verification. 


MOE 


IN 


Memory Output Enable. A user supplied low active signal used to enable the 
3-staite output of the optional on-board PACKIT memory, when installed. This 
signal is connected to pin 22 (28-pin) and pin 20 (24-pin) of the memory devices. 



o 



See page 725 for ordering information. 
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Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by 
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Printed in U S A 



ORDERING INFORMATION 

The following listing indicates the available packages for each product. The letter designation refers to 
the package diagrams, beginning on page 727. 



Part No. 


Total 
Encapsulated 


Ceramic 


Rel-Pak 


Cer-Dip 


WD1 100-01 


V 


U 






WD 1100-02 


V 


U 






WD1100-12 


V 


U 






WD1 100-03 


V 


U 






WD1 100-04 


V 


U 






WD 1100-05 


V 


U 






WD1 100-06 


V 


U 






WD1 100-07 


V 


U 






WD 1100-09 


V 


U 






WD1010 


PL 


AL 


BL 


CL 


WD1011 


PD 


AD 


BD 


CD 


WD1012 


PC 


AC 


BC 


CC 


WD1014 


PL 


AL 


BL 


CL 


WD1050 




DS 






FD1761 


PL 


A 


B 


CL 


FD1763 


PL 


A 


B 


CL 


FD1765 


PL 


A 


B 


CL 


FD1767 


PL 


A 


B 


CL 


FD1771 


PL 


A 


B 


CL 


FD1781 




A 


B 




FD1791 


PL 


A 


B 


CL 


FD1973 


PL 


A 


B 


CL 


FD1795 


PL 


A 


B 


CL 


FD1797 


PL 


A 


B 


CL 


FD279X 


PL 


AL 


BL 


CL 


WD1691 


U 


V 




CE 


DM1883 




A 


B 


CL 


WD2143 


M 


I 




CD 


WD2001-05 




E 


F 




WD2001-20 




E 


F 




WD2001-30 




E 


F 




WD2002-05 




A 


B 




WD2002-20 




A 


B 




WD2002-30 




A 


B 




TBI 402-00 


P 


A 


B 


CL 


TR1602-00 


P 


A 


B 


CL 


TR 1602-01 


P 


A 


B 


CL 


TR 1863-00 


P 


A 


B 


CL 


TR1 863-02 


P 


A 


B 


CL 


TR 1863-04 


P 


A 


B 


CL 


TR 1865-00 


P 


A 


B 


CL 


TR1 865-02 


P 


A 


B 


CL 


TR1865-04 


P 


A 


B 


CL 


WD8250-00 


P 


A 


B 


CL 


WD21 23-00 


P 


A 


B 


CL 


BR1941-XX 


M 


L 




CD 
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Part No. 


Total 
EncapsulatGcJ 


Csrainic 


Rel-Pak 


Cer-Dip 




M 


! 


MIA 


nn 


VVU 1 y*fu-AA 


IVI 


1. 


N/A 

IN/rA 


wU 


DDi/)70 nn 




A 
rt 


□ 
D 


n 






A 


R 
D 




r 1 1 4d^-uu 




A 
/■\ 


D 


PI 


DTI /100 rn 




A 


D 
D 


PI 


Uv_> ID / l-UU 




A 
A 


D 
D 


PI 


\A/n 10*51 An 




A 


Q 
D 


PI 


lA/niQQ'i nn 

VVUIUOO-UU 




A 
/A 


D 
O 


PI 


iA/niQQi ni 




A 
M 


D 
O 


PI 


\A/niQ'5'5 no 




A 
/A 


D 
D 


PI 


vvUiyoo-Uo 




A 
/A 


D 


Pl 


VVU lyoo- lu 




A 
/A 


D 
D 


P.I 


\A/niQ'?ii 1 1 
VVU 1 yoo- 1 1 




A 
/A 


P 


PI 


VVU lyoo- 1 £. 




A 
/A 


Q 


PI 


VVU-lil30"U 1 




1. 


c 

1 




vv u 1 yyo-UiC 




1. 


p 




VVU lyyo-uo 




r: 
1. 


p 




VVU 1 oOq-UU 




I- 


p 


P.H 

on 


vvuiyo4-uu \, 




i: 
u 


p 




VVU^OU 1 




T 
1 






VVU^O 1 1 




1 






\A/no*;on 

VVU^O^U 




T 

1 






VVU^OvJU 




1 






VVU^O*HJ 




T 
1 






VVUO 1 




1 


p 




\A/n*%'> 
vvuoo 




A 
r\ 


P 




\A/n4onn 

VVUttUU 


PM 




P 




VVUf^ lU 


Pd 


c. 






Vv UHO^U 










VV u*fo^ 1 




c. 






PR1 Kn9.in 




C. 

c 


P 
1 




CP1 Rno 1 1 




p 

p 


P 




\A/ni Kin nn 


DUi 

rn 


p 
p 


P 

r 


on 


iA/ni Rin ni 


rn 


p 
p 


p 

r 


on 


iA/ni Ki 1 
vvUl 01 1 


V 


1 1 
U 






VVU lOU 1 


V 


1 1 
u 






vv U 1 OU^L 


v 


1 1 






vv U^^ 1 ^ 


PM 






PW 

on 


vvuooDy 


i( 
r\ 


1 






V V f H n \j£.\J\J 


PC 






PP 


WD1820 


PE 


AE 






lAf I^H O A 

WUlo40 


PL/rn 


A 1 / A LJ 

AL/AH 


BL/BH 




Wl)o20d 




Do 






\A/nQon7 




ne 






WD9216-00/ 
9216-01 


PA 








WD8275 


PL 


AL 


BL 


CL 


WD8276 


PL 


AL 


BL 


CL 



726 



Package Diagrams 
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See page 725 for ordering information. 
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High Reliability Relpak 
Plastic Package Specification 
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FEATURES 

• LOW COST CERDIP ALTERNATIVE 

• RELIABILITY ADVANTAGES OF A CERAMIC 
PACKAGE 

'» SUPERIOR MECHANICAL QUALITIES 

OUTSTANDING ELECTRICAL 
CHARACTERISTICS 

• CONSTRUCTION MATERIALS ELIMINATE 
SOURCES OF RUST AND CORROSION 

<• ELIMINATES HOT INTERMITTENT OPEN 
PROBLEMS 

ELIMINATES DEVICE INSTABILITY DUE TO 
IONIC CONTAMINATION 

• MOISTURE 85/85 PERFORMANCE 
DRAMATICALLY IMPROVED 

« SUPERIOR THERMAL PERFORMANCE 




90% ALL METAL CAVITY 
DOUBLE LID/DOUBLE BASE 



PLASTIC LID 
ALLOY 42 SHIELD 

PLASTIC PACKAGE 
COPPER LEAD FRAME 
50m in- GOLD PLATED OR lOO/i In. 

EVAPORATED Al PLATED 

TERMINALS 
TIN DIPPED LEA'DS 



MOS/LSI DIE 

GOLD SILICON EUTECTIC 
KOVAR OR ALLOY 42 BASE 

GOLD STRIP PLATED 
PLASTIC BASE 




STARTING MATERIAL 
RECEIVING INSPECTION 
MOLDING 

Q.A. DUAL SAMPLES 
100% INSPECTION 

Q.A. FINAL INSPECTION 

STOCK ROOM 



AVAILABILITY 

WDC has been supplying satisfied customers for 
over nine years with this package. Because this 
package was developed in-house, we have a com- 
pletely self-sustained production line with very little 
dependence on suppliers. The package was devel- 
oped alongside the ceramic package, which means 
equipment interchangeability on the assembly line, 
this production versatility has enabled WDC cus- 
tomers to benefit from quick turn around times. We 
patented thjs package in 1973 because of its relia- 
bility similarities to ceramic packages. 

RELIABILITY AT LOW COST 

Western Digital Corporation's RELPAK Plastic Pack- 
age is unique to the industry in that it contains many 
of the cost advantages of the industry accepted total 
encapsulated package while it also contains many of 
the reliability advantages of a ceramic package. 

CONSTRUCTION DETAILS 

The RELPAK is a cavity approach which allows the 
use Of aluminum wire for cost purposes and direct 
aluminum-aluminum bond, while the plastic will 
never come in contact with the active circuit and 
wires. This eliminates the Hot Intermittent Open HIO 
problems associated with industry standard plastic 
packages and also eliminates device instability due 
to ionic contamination caused by plastic being in 
direct contact with the device. 

The die is attached to its metal base separately from 
the plastic package body This allows for a true AuSi 
Eutectic die attachment prior to the marriage with the 
plastic body. This process design again eliminated 
the chance for Ionic contamination upon the active 
circuit areas. 

The package structure is such that 90% of the in- 
ternal surface area is composed of metal. The 
possible paths for moisture penetration are confined 
to the parameters of the cavity, thereby increasing 
the mean distance of moisture paths to its maximum. 

This package is constructed using a proprietary high 
thermal conduction copper lead frame material, 
which eliminates sources of rust or corrosion. Our 
proprietary molding process allows WDC to mold 
without the lead frame bonding surface ever making 
contact with the molding material, again eliminating 
possible sources for ionic contamination. 

We use an Ortho Creasol Novolac Epoxy resin and a 
Phenolic Novolac curing agent as the base transfer 
molding compound. Together with our proprietary 
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lead frame material we have achieved a true chemical 
mechanical bond during the molding process. This 
bond is so strong, we are able to place a device prior 
to lid seal upside down on a helium leak detector and 
pass a 1 X 10-8 std cc/sec open face leak test. 

Using standard stress acceleration factors, the 
projected life expectancy of the WDC RELPAK 

Package is well in excess of 100 years. 

The basic RELPAK design employes a "see thru" 
construction. The lead frames are stamped from 10 
mil thick sheets of copper into strips of four, which 
are then spot Ni spot Au plated or evaporated Al 
plated. The quality levels of the lead frames and 
molding powders are rigorously controlled by in- 
coming Q.C. The lead frames and molding powders 
are controlled by lot numbers. Each incoming lot is 
individually assessed by W.D.C. material assurance. 



Careful adherence to sound engineering design 
practices during package development coupled with 
the use of a metallurgical bond at chip bond and 
conventional aluminum wire bonding has resulted in 
a plastic cavity package which can be subjected to 
the same product assurance screening operations as 
its ceramic counterparts without adversely affecting 
the package or device parameters. 
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ADVANTAGES OF THE RELPAK 

The most obvious is Its lower cost compared to its 
ceramic counterpart without any reduction in relia- 
bility — by retaining the premolded cavity package 
concept, essentially all the problems of a total encap- 
sulated package are avoided such as work damage to 
the bonding wires during the molding operation, 
concern for adverse effects from direct contact of the 
molding epoxy with the die surface, and the hot 
intermittent open reliability problem. The use of a 
solid metal lead frame coupled with the gold plated 
Kovar (or Alloy 42) base to which the die is eutec- 
tically attached provide excellent thermal paths for 
power dissipation, a primary reliability consideration. 



Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for Its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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Component Products 
Terms and Conditions 

1. ACCEPTANCE: Unless otherwise provided, It Is agreed that sales are made on the terms, conditions and warranties contained herein and that to 
the extent of any conflict, the same take precedence over any terms or conditions which may appear on Buyer's order form. Seller shall not be 
bound by Buyer's terms and conditions unless expressly agreed to In writing. In the absence of written acceptance of these terms, acceptance of 
or payment for any of the articles covered hereby shall constitute an acceptance of these terms and conditions. 

2. F.O.B. POINT: All sales are made F.O.B. point of shipment. Seller's title passes to Buyer and Seller's liability as to delivery ceases upon making 
delivery of articles purchased hereunder to carrier at shipping point In good condition; the carrier acting as Buyer's agent. All claims for damages 
must be filed with the carrier. Unless specific instructions from Buyer specify which method of shipment is to be used, the Seller will exercise his 
own discretion. 

3. DELIVERY: Shipping dates are approximate only. Seller shall not be liable for any loss or expense (consequential or otherwise) Incurred by Buyer 
if Seller falls to meet the specified delivery schedule because of unavoidable production or other delays. Seller may deliver the articles in in- 
stallments, Seller shall not be liable for any delay In delivery or for non-delivery. In whole or in part, caused by the occurrence of any contingency 
beyond the control either of Seller or Seller's suppliers. Including, by way of illustration but not limitation, war (whether an actual declaration 
thereof Is made or not), sabotage. Insurrection, riot or other act of civil disobedience, act of a public enemy, failure or delay in transportation, act 
of any government or any agency or subdivision thereof, Judicial action, labor dispute, accident, fire, explosion, flood, storm or other act of God, 
shortage of labor, fuel, raw material or machinery or technical failure where Seller has exercised ordinary care In the prevention thereof. If any 
contingency occurs. Seller may allocate production and deliveries among Seller's customers. 

4. TERMS AND METHODS OF PAYMENT: Where seller has extended credit to Buyer, terms of payment shall be net thirty (30) days from date of 
Invoice. The amount of credit or terms of payment may be changed or credit withdrawn by Seller at any time, if the articles are delivered in In- 
stallments, Buyer shall pay for each Installment In accordance with the terms hereof. Payment shall be made for the articles without regard to 
whether Buyer has made or may mal^e any inspection of the articles. If shipments are delayed by Buyer, payments are due from the date when 
Seller Is prepared to make shipments. Articles held for Buyer are at Buyer's sole risk and expense. 

5. TAXES: All prices are exclusive of all federal, state and local excise, sales, use, and similar taxes. Such taxes; when applicable to this sale or to 
the articles sold, will appear as separate additional items on the invoice unless Seller receives a properly executed exemption certificate from 
Buyer prior to shipment. 

6. PATENTS: The Buyer shall hold the Seller harmless against any expense or loss resulting from Infringement of patents or trademarks arising from 
compliance with Buyer's designs or specifications or Instructions. The sale of products by the Seller does not convey any license, by Implication, 
estoppel, or otherwise, under patent claims covering combinations of said products with other devices or elements. Except as othen/vlse 
provided in the preceding paragraph, the Seller shall defend any suit or proceeding brought against the Buyer so far as based on a claim that any 
product, or any part thereof, furnished under this contract constitutes an infringement of any patent of the United States, If notified promptly in 
writing and given authority. Information and assistance (at the Seller's expense) for the defense of same, and the Seller shall pay all damages and 
costs awarded therein against the Buyer. In case said product, or any part thereof. Is In such suit held to constitute Infringement and the use of 
said product or part is enjoined, the Seller, shall at Its own expense, either procure for the Buyer the right to continue using said product or part, 
or replace same with non-infringing product, or modify it so it becomes non-Infringing, or remove said product and refund the purchase price and 
the transportation and installation costs thereof. The foregoing states the entire liability of the Seller for patent Infringement by the said products 
of any part thereof. 

7. ASSIGNMENT: The Buyer shall not assign his order or any interest therein or any rights thereunder without the prior written consent of Seller. 

8. WARRANTY: Seller warrants articles of its manufacture against defective materials or workmanship for a period of one year from date on which 
Seller delivers said articles. The liability of Seller under this warranty Is limited at Seller's option, solely to repair, replacement with equivalent 
articles, or an appropriate credit adjustment not to exceed the original sales price of articles returned to the Seller provided that (a) Seller Is 
promptly notified In writing by Buyer upon discovery of defects, (b) the defective article Is returned to Seller, transportation charges prepaid by 
Buyer, and (c) Seller's examination of such article disclosed to its satisfaction that defects were not caused by negligence, misuse. Improper 
installation, accident, or unauthorized repair or alteration by the Buyer. In the case of equipment articles, this warranty does not Include 
mechanical parts falling from normal usage nor does It cover limited life electrical components which deteriorate with age. In the case of ac- 
cessories, not manufactured by Seller, but which are furnished with the Seller's equipment, Seller's liabillty is limited to whatever warranty is 
extended by the manufacturers thereof and transferable to the Buyer. This Warranty Is expressed in lieu of all other Warranties, expressed or 
Implied, Including the Implied Warranty of fitness for a particlar purpose, and of all other obligations or liabilities on the Seller's part, and It 
neither assumes nor authorizes any other person to assume for the Seller any other liabilities. This Warranty should not be confused with or 
construed to imply free preventative or remedial maintenance, calibration or other service required for normal operation of the equipment articles. 
These Warranty provisions do not extend the original Warranty period of any article which has either been repaired or replaced by Seller. In no 
event will Seller be liable for any incidental or consequential damages. 

0. TERMINATION: Buyer may terminate this contract in whole or from time to time in part upon 60 days written notice to Seller. In such event Buyer 
shall be liable for termination charges which shall include a price adjustment based on the quantity of articles actually delivered, and all costs, 
direct and Indirect, incurred and committed for this contract together with a reasonable allowance for pro-rated expenses and profits. Any ter- 
mination or back off In scheduling will not be allowed on shipments scheduled for the month In which the request is made and for the month 
following. 

10. GOVERNMENT CONTRACTS: if the articles to be furnished under this contract are to be used in the performance of a Government contract or 
subcontract and a Government contract number shall appear on Buyer's purchase order, those clauses of the applicable Government 
procurement regulation which are mandatorily required by Federal Statute to be Included in Government subcontracts shall be incorporated 
herein by reference. 

11. ORIGIN OF ARTICLES: Seller engages In off-shore production, assembly and/or processing and makes no warranty or representation, expressed 
or Implied, that the articles delivered hereunder are United States articles or of U.S. origin for the purpose of any statute, law, rule, regulation or 
case thereunder. If Buyer ships the articles hereunder out of the U.S. for assembly, then at Buyer's request In writing. Seller shall provide In- 
formation applicable to identification of any articles not of U.S. origin. 
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Corita Kent, the cover artist, is an American whose work presents an optimistic, 
yet philosophical view of the world we live in. A former Catholic nun and 
teacher, Corita now devotes her life and energies to her artwork and the "human 
needs she feels transcend national and religious barriers." A true "citizen of the 
world," Corita's philosophy positions her "on the positive side of hope." Her 
depiction of the Western Digital mission . . . "Making the leading edge work for 
you" . . . dramatizes the spectrum of solutions we provide our customers. 



Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 

specifications at anytime without notice. 
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